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PAllT III. 

PllACTICE OF IKRKUTIOISI IN NOUTHERN ITALY. 


[NTltOlUJlTOBY UEMAKKS. 

The curiously fragmentary state of society in Italy forces 
itself on a traveller’s notice, not only in matters of feeling, 
but more strikingly, because more tangibly, in matters of 
fact. A remarkable illustration of tlie latter view is found 
in the infinite variety of measures of all kinds in use 
throughout that part of the country which is more espe- 
cially the object of remark at present. It seems as 
though not only every great division of the country, but 
every small district or town, and even in some cases the 
pettiest villages, had established each its own independent 
system, to the utter confusion of any one who has come 
under the necessity of seeking information regarding such 
details as are thereby embraced. I have before me, at 
this moment, a folio volume of more than one hundred 
and fifty pages of tabulated matciials, referring solely to 
the variety of weights and measures in use throughout 



VARIETY OE MEASURES I2f NORTHERN ITALY. 


the small kingdom of Piedmont alone. The confusion 
naturally arising from this extraordinary variety has led 
to vigorous efforts on the part of the governments to 
replace the local measures by a well-defiued and common 
system ; and it was to facilitate this that the volume I 
have referred to was issued by the Sardinian minister of 
agriculture and commerce, who has caused, at great 
expense of labour, the whole of the local measures to be 
reduced to their equivalents in the French decimal sys- 
tem. Of course, an article of so much social value as 
water for irrigation forms no exception to the general 
rule, and the measures in use for its distribution exhibit 
the same variety as characterises those for area, capacity, 
weight, and linear dimensions. It is not my intention to 
enter into any very minute details of the different water 
measures, but some information regarding them is neces- 
sary, and this 1 have sought for among the best accredited 
authorities on the subject, references to which I give 
below.* 

There is, perhaps, no branch of the practice of irriga- 
tion so important to the interests of India at this 
moment as the establishment of a satisfactory unit of 
measure for the distribution of water, and the introduc- 
tion of such a form of apparatus as will insure the main- 
tenance of this unit within reasonable limits of erroi*. 
With the prospect before us of a system of irrigation 
canals developing itself over the entire surface of the 


* " Tavolo di Ragguaglio degli AiiticUi Posi e Misure, &c. &c., publicate del 
Miuistero di Agricoltui'a o Commercio. Turin, 1849/’ “ Appendix on the 
Units of Measure for Running Water, pp. 87-42.” “ Cedice Civile,” published 
in 1837 for the kingdom of Sardinia. ** Bruschotti,” history of irrigation in the 
Milanese. De Kegi, Uso della Tavola Paniboliea per le Bocchc d’Irrigaziono. 
Milan, 1804.” “Tadini, (fel Moviuieuto e della Misum della acciue Coirente. 

Milan, 1818.” Brunacci, Sulla dlspensa dcile acque. Mihui, 1827.” Tuimza, 
Trattato di idrometria. Padua, 1845.” "Coloinbani, Manuulc Practice di 
Idrodiuamica. Milan, 1845'’*-nuuierous MS. notes. 



IMPOBTAirCE OP A FIXED TOIT OP MEASUEE. 6 


North-Western Provinces and the Punjaub, accompanied, 
as it advances towards completion, by a gradually increas- 
ing demand for the water, and a continually expanding 
area of cultivation entirely dependent for the security of 
its products on the supplies furnished by the canals, it is 
self-evident that the interests both of the government and 
the agricultural community require that an article so 
certtain to rise in value should be subjected to just, simple, 
and well-understood regulations. Under existing circum- 
stances, water is issued for irrigation in India under two 
different systems : 1st, By area irrigated — i. e., at certain 
rates per acre, which vary both with the nature of tho 
crop irrigated and the facilities for irrigation ; and 2d, 
By fixed outlets — i. e., at certain rates per square inch of 
outlet, which also in practice vary considerably under no 
determinate rule, but according to local circumstances and 
the discretion of tho chief officers of the department. 

Now, as regards the system of charge for water by area 
of in’igation, the defects are almost self-evident. The 
lands irrigated vary annually — I might say biennially — 
in extent and position, hence the necessity for annual or 
biennial measurements by goveniment officers to protect 
the interests of the state ; and hence, also, constant inter- 
ference with the cultivators, and no small amount of 
fradulcnt collusion between them and tho subordinate 
officials to whom the duty of measurement is intrusted. 
The variation of the charge with the nature of tho crop 
has farther the prejudicial effect of checking the extension 
of the more valuable products, or of facilitating evasion of 
the govemraent demand by the substitution, in concert 
with the native officials, of the inferior for the superior 
crops. It is found, too, that under this'system agriculture 
becomes to a certain extent precaiious, for the temptation 
to trust to the chances of rain constantly lead the culti- 
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vators to defer iirigation so long, that their crops are 
seriously injured ; and as the hope of a present saving 
is very frequently more powerful than the fear of a 
prospective loss, a sort of spirit of gambling is generated. 

It is a step in advance to fix the dimensions of the 
outlet, and to regulate the charge by the superficial area 
thereof, leaving to the cultivator tlio unrestricted use of 
the volume of water thus supplied to him. But it is 
evident that to bring this system within legitimate limits, 
and to insure for it that degree of exactitude wliich is 
absolutely essential to a good arrangement for the issue 
of water, much more is necessary than the mere fixing of 
the superficial area of the outlet. Our historical sketch 
of the canals of the Milanese furnishes abundant proof of 
the imperfections of such a method in the simple form in 
which it is now employed in India, and of the impossi- 
bility of securing just and satisfactory results by its 
employment without additional precautions. The nature 
of these precautions, as determined by long expeiience 
in Northern Italy, we shall now proceed to show ; and 
when they arc all placed before us, wo shall be able to 
indicate, with better effect than wc can at present, those 
among them which apjicar best calcidated for introduction 
into our Indian system. 

In any system of measurement of water for iiTigation, 
there are two distinct ideas involved, which it is desir- 
able to define dearly, and to keep separate in the mind. 
There is first the idea of a unity of measure, apart alto- 
gether from the means which may be taken to insure its 
application in actual practice. Considerations of expe- 
diency will determine, in different localities, the special 
selection of this ifnity. It is sometimes the quantity of 
water which issues from an opening of fixed dimensions, 
with or without a certain pressure ; at other times it is 
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the quantity of water wliich irrigates a given area of land 
under certain fixed conditions, and so on in different 
terms under different circumstances ; for while one unit 
might suit the agricultural conditions of Italy, another 
might better suit those of India. The second idea 
involved in a measurement system is that of the special 
apparatus by which the volume of water, as defined in 
terms of the established units, is measured and issued. 
The forms of this apparatus depend, in principle, on 
purely scientific considerations. They are determined by 
tlic known principles of hydraulics, and are independent 
of those social or agricultural relations which influence 
the establishment of the unit of measure itself. The 
necessary separation between these two ideas is dis- 
tinctly indicated in the civil code of Sardinia, the 643d 
article of which establishes very cleaily and precisely a 
legal unit of measure for running water, while it leaves 
undetermined, as being a matter which must vary with 
the progress of science, the special form of edifice which 
is to be used in the practice of distribution. The tenns 
of the article may be given to illustrate my meaning : — 

“ Art. 643. For new grants of water, wherein a certain 
constant quantity of running water shall be agreed upon 
and expressed, otherwise termed grants from fixed outlets, 
(concessioni d bocca tasscUa,) the quantity conceded ought 
to bo expressed in all public acts in relation to the 
‘ module of water,’ (al modulo d’acqw.) 

“ The measui-e, or modulo, is that quantity of water 
which, under simple pressure, and with a free fall, is-sues 
from a rectangular, quadrilateral opening, so placed that 
two of its sides shall be vertical. This outlet shall have 
a breadth of (7.874 inches) two decimetres, and a height 
of (7.874 inches) two decimetres. It shall be opened in 
a thin wall, (or plate-paref®,) against which the water 
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stands, with its upper surface pcifectly free, at a constant 
height of four decimetres (15.748 inches) above the lower 
edge of the outlet.” 

How the mechanical arrangements for fulfilling the 
conditions involved in this legal definition of the Pied- 
montese new module are to be worked out, is loft to 
the skill of the engineers employed — varying according to 
private agreement in each case. Though the omission of 
a form of measuring apparatus has been censured, and has 
given rise to very lively conti’ovcrsy among the lawyers 
and engineers of the country, 1 am disposed to think that 
the framers of the code were judicious in fixing only the 
unit of measure, and providing as they have elsewhere 
done for unavoidable imperfections in the actual measure- 
ment, by barring all right to action unless the excess or 
deficiency complained of shall exceed one-eighth of the 
total volume specified in the grant, (Art. 641.) Such a 
maigin will in practice be found to cover the probable 
eiTors of most forms of measuring apparatus now in use. 

What the unit of measure, or the module, for Indian 
irrigation should be is a delicate and dillicult question, 
scarcely, in my opinion, to be satisfactorily solved, in the 
existing state of our information on the subject; for 
hitherto we have been so busy in creating the grand 
framework of our canal system, that we have not had 
cither time or opportunity for entering on the minuter 
questions connected with it. When, however, the details 
of Italian experience have been reviewed, perhaps some 
useful hints may be gleaned from them. 

As might be anticipated from the limited development 
of irrigation within them, the States on the right bank of 
the Po present the rudest and most elementary forms of 
measming apparatus. The memoir of Brunacci, Sulla 
Dispensa delle Acque, fuimishes some details connected 
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with the modules of these districts, which it may be inte- 
resting to give here, as introductory to the more matured 
systems of Piedmont and Lombardy. 

In the states of Parma and Placentia we find one of 
the most imperfect systems of measurement still in use. 
Quoting from the Architettura Idrmlica of Jlarattieri, 
Brunacci says ; “In these provinces, the sole unity of 
measure for the water of a canal is that quantity which 
flows in a channel having an area equal to 108 square 
inches, without fixed conditions cither as regards depth, 
or breadth, or slope of bed, the sole essential prescribed 
being the area of section just stated.” Under ordinary 
circumstances it is, however, usual to make the dimensions 
of the outlet 12 inches in height, and 9 inches in breadth ; 
but as there is no established nile on the 2 )oint, and as 
the same area of section may bo obtained by at least ten 
combinations of dimension.s, viz., 54 by 2, 36 by 3, 27 by 
4, 18 by 6, and 12 by 9, with the converse arrangements 
of these numbers, it is very evident that extreme iiTogu- 
larity must be the rc.sult. It is well known, farther, 
that with variations of the heights and iicrimctcrs of out- 
lets, the discharges vary materially ; and as in each of 
the preceding cases both of these elements of calculation 
show important ditferences, the unity becomes of a very 
indefinite kind. By natural consequence, recourse is had 
in all important cases to the established and more defi- 
nitive measures of other countries, and moi’o especially to 
the module of the Milanese. 

In the provinces of Modena and Reggio, the unit of 
measure is one which seems to have been the most widely 
spread of- all during the ruder periods of inlgation. It is 
locally termed a Macina, and supplies the quantity of 
water necessary to drive the wheel of a coni-mill. It is 
the same measure which we find in the irrigated districts 
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of the Pyrenees under the term Moulan ; in Piedmont it 
occurs as the Ruola d'Acrjua; and in Lombardy as the 
Rodiglne. It Avas in foot tJic first rude idea of unity 
likely to occur to an agricultural people commandiug the 
use of water both foi* iirigalion and motive poAvor. J ts 
value is of course extremely vague, but it is usually held 
to be the quantity of Avater issuing from an opening one 
braccio (equal to nearly l.9.Gi5 inches) square. There 
are no conditions established for fixing the pressure or 
the linear dimensions Avhen the volume exceeds a single 
mOfCina, so that it Avould be vain endeavouring to deter- 
mine the real discharge. The dimensions of the macina 
of Modena are nearly the same as those of the ruota of 
Piedmont ; and as the conditions of the latter arc tolerably 
Avell fixed, its value will give us at least an approximate 
idea of that of the Modenese unit. The Sardinian 
engineers value the ruota at very nearly 12 cubic feet per 
second, and this may be assumed to represent the volume 
of the macina also — that is, supposing the Avater in both 
cases to issue at the surface level, and consequently Avith- 
out ])rcssure. Though this may be generally, it is 
undoubtedly not ahvays, the case, as in certain ancient 
gi’ants expressed in maciue the height of Avatcr above the 
upper edge of the outlet rises to 10 local inches, or ti^ly 
13.72 English inches. It is very clear, tlicreforc, that it 
is impossible to attach any precise value to this unit. 

The macina is occasionally subdivided into nine parts, the 
volume of each being measured by a square outlet, having 
each side 6.68 English inches in length ; but, strangely 
enough, this measure is equally indeliuite as regards the 
pressure under which the discharge from it takes place, 
and its value cannot therefore be con’cctly determined. 

In Ferrara and Romagna, the torrential character of 
the streams limits so much the application of their waters 
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to agricultural purposes, that no fixed system of measure- 
ment has arisen. In the province of Bologna, however, 
there is a canal of considerable size enn)loycd both for 
navigation and irrigittion. Its SHjjply, being derived from 
streams rising on the northern slope of the Appenines, is 
extremely precarious, and in summer the clianncl becomes 
nearly dry ; hence the rules for measuring the water fur- 
nished by it arc necessarily tcmj)orary and si>ccial. When 
grants are made, the pontifical engineers determine at 
discretioji, and, according to the local peculiarities of each 
case, the conditions which must be observed. In general, 
the outlets arc simply openings in the bank of tlie canal, 
of variable dimensions, and sui)plied with sluices, wOiich 
sire regulated by ciistodi, or guardians, under orders pre- 
scribed by the cngincors. 'Pho sole genci'al rule for the 
pinncipal canal above alluded to is, that the discharge from 
the irrigation outlets must be so limited as not to iuter- 
fere with the navigation. In 1 the Cardinal I''arncso 
ordered that the low'er sills of all the outlets should be 
made of stone, and raised three Bolognese feet above the 
level of tlic bottom of the canal ; while each opening 
should be supplied with a sluice to regulate its discharge. 
This order w^as renewed in 174.9, 1757, and 1793, by 
varibus cardinal - delegates, and finally in 1805 by the 
prefet of the department. In 1811, the canal Torbido, 
near Bologna, was subjected to regulation ; and as great 
confusion had up to that time prevailed in all points con- 
nected with measurement of the water, the prefet ordered 
that the standard should henceforth be the quantity of 
water issuing from a square opening having sides of 6.G8 
English iuches ; but as this was the only prescription ho 
thought fit to make, he did not much improve matters. 

The topographical features of Central and Southern 
Italy arc too generally unfavourable for irrigation to have 
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led to the introduction there of any well-defined system 
of measurement ; and though in Tuscany, in the States 
of the Church, especially in the Pontine Marshes, and in 
Naples, there are irrigated tracts of considerable extent, 
I do not find, from the Italian authors on the subject, 
that any precise rules are in force throughout these terri- 
tories. These brief introductory details show the infancy, 
as it were, of the measurement system, and represent that 
stage at whicli we have arrived in our Indian practice ; for 
wo arc as yet scarcely, if at all, in advance of the better 
defined among the methods just described, and much in 
aiTcar of the best of those, to the account of which we 
may now proceed. 



CHAPTER I. 


SYSTEMS OF MEASUREMENT OF WATER IN 
NORTHERN ITALY. 


SECTION I. 

SYSTEMS OK MK.YSUKE.MENT IN WED.MONT. 

For the snbseqaent details of the measurement system 
of Piedmont, I am indebted to various original authorities, 
and I believe the I'esults may bo regarded as generally 
trustworthy. The different dimensions have been reduced 
throughout to English equivalents, and 1 have endeavoured 
to secure as much accuracy as was possible. But those 
who arc best acquainted with the present state of 
hydraulics know best that allowances must be made for 
inevitable difficulties and imperfections in treating such a 
question as the present, in which all the rcsidts arrived at 
must still be regarded as only approximate. 

I. THE BUOTA OP PIEDMONT. 

For several centuries after the first introduction of the 
modern system of irrigation into Piedmont, no special 
unit of measure for running water was employed. Cer- 
tain ancient documents referred to by Brnnacci, (p. 31,) 
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establisli the fact that it ■was first in 1474 that a special 
measure was adopted on the canal of Ivrca. An opening 
of a foot square in the measure of the country seems to 
have been the earliest unit employed ; but as no deter- 
minate pressure was specified, this early form was no 
doubt exceedingly imperfect. About the middle of the 
sixteenth century, however, the clement of pressure was 
introduced, and clearly defined. In the Vercellcse, and 
on the canal of Caluso, Avatcr was then issued in terms of 
mote, or wlieeln, each of which was the quantity passing 
through a square opening of one foot, the upper edge of 
the outlet being what is locally termed a fior di acqua, 
or level with the surface of the water of the canal or 
reservoir, the discharge hence taking place under no pres- 
sure. The foot above referred to is the Plede Liprando, 
and measures 20.043 Engli.sh inches. The I’icdmontese 
foot is divided, like our own, into 12 oncie, or inches, and 
the superficial area of the ruota was consequently 144 
local square inches. The somewhat incongruous employ- 
ment throughout the irrigated districts of Northern Italy 
of the term inch at once as a linear, superficial, and water 
measure, is ajit to lead to a little confusion ; but a 
moment’s consideration will serve to indicate the Bjiccial 
meaning of the term in each case. 

The volume discharged by the ruota is estimated by 
the Piedmontese engineers at 1 2.0.5 cubic feet per second. 
But into this determination there enters an element of 
error which local estimates do not take account of. In 
employing the ruota as a regulating measure, reference is 
made solely to its superficial area — 144 square inches 
constituting a 7'uota, however this area may be obtained ; 
or, in other words, the measure under remark is imper- 
fect, because no fixed form is prescribed for it. The 
following short table illustrates my meaning ; — 
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A glance at these figures will show the heights varjing 
from 1 to 6, and the perimeters from 1 to 3, while the 
superficial area reiuains constant. To ascribe a fixed 
value to a measure thus variable in the most important 
elements which enter into the calculation of discharge, is 
impossible. Tliat such variations arc not merely possible, 
but have actually occurred, admits of documentary proof. 
In 1579 the dukes of Savoy and Mantua entered into 
an agreement regarding an irrigation outlet from the 
canal of Crcscentino. In the papers connected M’ith this 
transaction, a ruoia is defined to be that cpiantity of 
water which passes without pi’cssurc through an opening 
9 inches high by 16 inches wide, being an area of 144 
stpiarc inches. Again, in 17C4, in a grant made to the 
Count of Massino of three ruote of water from the canal 
of Calu.so, the dimensions given to tlie outlet arc 12 
inches in height and 3G in breadth, or for each ruota 12 
inches by 12. Various outlets with greater contrasts of 
dimensions arc to be seen on the different canals, and 
show clearly that the ruota is too indefinite to constitute 
a good unit. Two principal considerations support this 
opinion : — 1st, Outlets equal only in sections, but with 
different heights, have their centres at unequal depths 
below the surface of the supplying canal, and the water 
consequently issues from them under different pressures ; 
and 2d, The inequality of the perimctcra necessarily 
modifies the contraction of the vein of water in passing 
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througb the outlets. These are eiTors of principle, but 
extreme incoiiTenience in practice arises from the pecu- 
liarity of the ruota in having, as essential to its defluition, 
no head of water or pressure over the upper edge of the 
opening. To expect perfect constancy in the surface- 
level of any canal of imgation is a delusion. It inevitably 
varies, not only with the variations of the level of the 
supplying river, but with the ebbs and flows of demand 
for water in the interior of the canal itself. Hence the 
essential condition of the riiota, that the upper edge of 
the outlet should be a fior d'acqua, is almost impossible 
in practice. The discharge from orifices having a certain 
head of water, as is the case with all the best measures of 
Northern Italy, varies, of course, with variations of sur- 
face-level ; but it is vei’y palpable that in such cases the 
differences arc much less than when the standard measure 
commences with no head whatever. The niota is, in 
fact, the only racitsuro in extensive employment which 
has the chsu’acteristic adverted to, and the practical incon- 
venience is remedied by special agreements, in which, 
contrary to the rigid idea of the measure, the clement 
of pressure is actually introduced. Throughout the 
Vcrccllese I found the modules dispensing water by 
ruote quite as often with heads of water as without them. 

I have already mentioned that it was in 1474 that 
the first trace of a unit of >vater-measurc appears in 
Piedmont. The imperfect form then introduced con- 
tinued to be employed with the modifications just in- 
dicated till 1730, when, by a decree of Chailes Emanuel, 
duke of Savoy, the legal measure of water in Pied- 
mont was denominated the oncia, and the volume thus 
termed was that obtained from a rectangular outlet 
having a constant height of 4 linear inches, with a 
breadth of 3 inches, and a head of water of 2 inches 
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above the upper edge of the outlet. This measure is 
locally termed 


II. THE OXCIA OP OALUSO, 

from its being employed very extensively on the canal 
of that name. It was first introduced by the engineer 
Contini, director-general of the royal canals, and is 
merely a copy of the inch of tlie Milanese as regards 
dimensions and pressure, except that the linear measures 
of Piedmont are employed instead of those of Milan. 

The oncia of Caluso has the following dimensions in 
Unglisli iiicasuros — (1 oncia --- 1.G8 inches English :) — 
Height, G.72 inches ; breadth, 5.04 inches ; pressure, 
3.3G inches ; discharge, according to the official estimate, 
0.85 cubic feet per second. Such are the theoretical 
conditions of this raeasare, but it woidd be a grcivt mis- 
take to suppose that they are observed in practice. 
There is scarcely a single outlet regulated in terms of the 
oncia under notice in which the above limits are observed. 
The pressure is invariably greater than it ought to be, 
and by consequence the discharge is also in excess. For 
reasons best knoM'ii to parties on the spot, these abuses 
are tolerated, though occasional efforts have been made 
to correct them. 

One of the strangest of tlicso was the re-introduction, 
at the close of the eighteenth century, by Francesco 
Dominico Michelotti, an eminent Piedmontese hydrauli- 
cian, of the ancient and most imperfect measure by ruote. 
This was certainly an act of extreme folly, and, for- 
tunately, the resistance to the system was such that 
very few outlets were granted in terms of this revived 
measure. 

In 1800, however, Ignazio, the son of F. D. Michelotti, 
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having become director-general of the royal canals, deter- 
mined to introduce a modification of Lis father’s plan. 
The manifest inconveniences of having outlets level with 
the surface of the water in the canal of supply, induced 
Iguazio Miehelotti to adopt an outlet, giving with a head 
of pressure the same discharge as the ruota of his father. 
He calculated that a rectangular opening, 4 Piedmontese 
inches high, 3 wide, with a pressure of 4 inches above its 
upper edge, should give a volume equal to 1 inch, or the 
twelfth part of tiic new ruola, being 0..98 cubic feet per 
second. In point of fact, however, while the inch of 
F. D. Miehelotti is 0.98 cubic feet, that of Iguazio is, 
when correctly calculated, equal to 1.02 cubic feet per 
second. Hence the conversion of outlets, regulated ac- 
cording to the former, into othci's having the dimensions 
of the latter, operated to the disadvantage of the State in 
giving larger volumes than were jnst. This circumstance 
checked the extensive introduction of the oncia of Ignazio 
Miehelotti, which had in truth no special recommendation 
over the more ancient form of Contini. 

Tir. OXX'l.A OF THE IfOVA IMCSK. 

The extent to which irrigation was early developed 
within the provinces of Novara and Mortara, led to the 
adoption therein of a unit of measure resembling that of 
Vercelli and Ivrea. It was called the Oncia Novarese, 
and consisted of the quantity of water issuing through an 
outlet, having an area of 12 square inches. The ancient 
statutes of Novara furnish, under date 30th July 1487, 
an illustration of the use of this measure in grants made 
by Ludovico Sforza, duke of Milan, from the canal Mora, 
the whole of which are expressed in “inches." At ‘this 
period, however, the sole essential condition of the inch 
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of Novara was that it should be 12 square inches in area; 
no provisions for special height, or breadth, or pressure, 
were prescribed — and hence, of course, great diH'erences in 
tlie value of outlets nominally the same. The ruota of 
Novara, consisting of 12 such inches as are above de- 
scribed, M'as also sometimes employed ; but, as tlie outlets 
were equally indefinite for the larger as for the smaller 
measure, the results were equally unsatisfactory. Not- 
withstanding the introduction into the provinces of Milan 
and Pavia of a well-defined unit in the Oncia Alagistrale, 
Novara and Mortara, though at the time under the same 
government, adhered to the use of the imperfect measure 
above noted ; and to this day there arc to be seen on the 
canals Mora, Busca, and Biraga, outlets with heads of 
water varying from 4 to IG English inches, though they 
are nominally of equal value ! 

In the province of Mortara, there are examples of a 
peculiar measure which dates from the fourteenth century. 
In 1387, shortly after the opening of the canal of Sarti- 
rana, one of the lines on the left bank of the Sesia, 
various gi'ants of W'atcr were made to diflereut districts 
expressed in “ inches,” each consisting of the quantity of 
water passing through an opening, with the fixed height 
of 10 linear inches of Pavia, and a breadth of only 1 inch, 
or in English measure, 15.62 by 1.56 inches. It is curi- 
ous to find measures of Pavia so far to the westward ; but 
it probably arises from the fact that the hospital of this 
city was possessed of extensive property in the Lumclliua, 
both in land and water. 

The preceding details will suffice to show how many 
imperfections exist in the measurement system of Pied- 
mont. It is impossible for the government to rectify the 
ciTora of the past. There is but little hope of rooting out 
the evils which have gi’own up under the ancient regime ; 
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but it is possible to introduce uniformity for the future ; 
and perhaps, as the advantages of tliis become manifest to 
the community, it may even be practicable to remodel into 
convenient form that chaos wliich has been growing into 
greater and greater confusion for centuries past. As the 
first steps to this cud, the legal establishment of a single 
uniform measure for the entire kingdom, and the prohi- 
bition of the use of any otlier unit whatever except 
that fixed by the civil code, arc of much interest and 
importance. 


IV. THE MODULO OF PIEDMONT. 

I have already given, in the course of the introductory 
remarks to this cliaptoi', a translation of Article 043 of the 
Civil Code of the Sardinian States, which prescribes the 
essential conditions of the new modulo for the measure- 
ment of running water. Its dimensions in English mea- 
sure are, height 7.874 inches, breadth 7.874 inches, with 
a head of pressure above the upper edge of the outlet 
equal to 7.874 inches. Its discharge, according to the 
official estimate, amounts to 2.04 cubic feet per second. 
When grants arc made for more than one module, the 
only dimension which varies is the breadth of the outlet, 
the height and the pressure remaining in all cases invari- 
able. Hence, for two modules, the breadth would be 
15.748 inches, for three 23.G22 inches, and so on, while 
the height and pressure would continue to be 7.874 inches 
lospectively. The essential conditions of the module as 
defined in the code arc, that the water should issue born 
the outlet by simple pressure ; that this pressure should 
be maintained practically constant ; that the outlet should 
be made in a thin plate ; that the water, on issuing from 
the outlet, should have a free fall — unimpeded, that is, by 
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any back water ; that the outlet should be sqviai’e, with 
tAFO of its sides vertical ; and that the water of the supply- 
ing canal should rest with its surface free against the thin 
wall or stone plate in whicli the outlet is formed. 

To give practical effect to these conditions has exercised, 
and continues to exorcise, largely the ingenuity of the 
Piedmontese engineers ; but, so far as I saw, modern skill 
has not yet surpassed the old arrangements of Soldati ; 
and why these should not be adopted, instead of the very 
apocryphal im])rovoments upon them which came under 
my observation, I cannot otherwise account for than by 
concluding that the unconcealed feelings of dislike between 
Piedmontese and J..ombard.s prevent their acknowledging 
obligations to each other oven in matters of this kind. I 
shall give examples hereafter of some of the forms of ap- 
paratus devised by the engineers of I’icdmont for securing 
the uniform discharge of fixed quantities of water ; but, 
meanwhile, I may select a single illustration of the system, 
so as to afford a general idea of how it is worked out in 
practice. 

The following diagram represents the general arrange- 
ments for the issue of a certain number of “ inches,” or 
modules, as may be, and will sufficiently illustrate the 
object I have at present in view'. 


SeOTIOSAI. DjAOIIAM OV a I’lEOMOETHljK Ou'i'I.ET. 



A B, representing the supplying canal, tlic first part of 
the measuring apparatus is the sluice, locally termed the 
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paratoja, wlncb consists of masonry sidc-\rall9, and a 
gate of wood, woi’king vertically. Tbe dimensions of this 
primary outlet are not rigidly fixed, its object being merely 
to admit a larger or smaller supply into the chamher C J). 
The sluice is established in the bank of the canal at such 
point as may be most favourable for the proprietor’s ob- 
ject, or as may be fixed upon by the canal authorities. 
Its .sill is sometimes on the same level as the canal-bed, 
sometimes above it, and very frequently, as represented 
in the diagram, there is a fall in front of the outlet so as 
to draw the water towards it. For a length of from 40 
to 50 feet from the sluice, the bed of the channel is made 
perfectly horizontal, paved with masonry or cut stone — 
the upper surface of which is on the same level as the sill 
of the sluice. At a distance from the outlet, ranging from 
1 6* to 32 feet, is fixed the partition or slab of stone c d, 
in which the regulating or measuring outlet e fis, cut, of 
which the height is fixed at C.72, while the breadth varies 
according to the number of inches, each inch being repre- 
sented by .5.04 inches. The lower edge of the measuring 
outlet is ordinarily placed at 9.825 inches above the level 
of the flooring of the chamber C D. A small return, cut 
in the inner face of the slab at a height of 3.36 inches 
above the upper edge of the outlet, indicates the constant 
level of the water necossiiry to insure the established 
pressure. This height is maintained by the raising or 
lowering, as may bo requisite, of the sluice at the entrance 
of the chamber. 

On examining the different forms in use on the canals 
of Piedmont, I found excessive variety in the length and 
the breadth of the charaher formed by the sluice and the 
measuring outlet. Some had this part of the apparatus 
about 15 feet long, others 25, and some as much as 35 
feet. The interior walls of the chambers, too, assumed all 



OBSERVATIONS AND GENERxVL CONCLITSIOXS. 


23 


sorts of forms, being sometimes circular, sometimes oval 
or pear-shaped, and occasionally so twisted as to defy 
description. The object of this variety of foi'in is to 
destroy the velocity of the water within the chamber, so 
that the essential condition of issuing from the measuring 
outlet under simple pressure may, as far as possible, be 
fulfilled. I must frankly confess that, in nearly every 
instance which came under my personal notice, this desir- 
able result was very imperfectly obtainetl. In fact, with 
such slopes, and consequently such velocities as the canals 
of Piedmont have, the elimination of the latter is beyond 
the power of such measures as arc at present employed. 
There arc, fartlicr, no fixed rules for the dimensions of tho 
sluice, with reference to those of tlic regulating outlet ; 
and ill a great many cases, even tho fi.xed height which 
tlie latter ought to liave is neglected ; and the pressure, 
too, is not always observed, being sometimes double what 
it ought to bo. 

The general conclusion warranted by our examination 
of the measurement system of I’iedmont, is, that while its 
past condition is useful only as showing us a great deal to 
avoid, (a very desirable kind of information,) its present 
state supplies us with something to copy in the distinct 
and legal establishineiit of a single w'cll-defincd unit of 
measure for the whole kingdom. Though the framers 
of the code did not consider themselves justified in esta- 
blishing by law any special form of measuring apparatus, 
the goyeniment is too sensible, I believe, of the importance 
of this point not to direct its attention to it, and, by 
introducing and enforcing on the canals under its direct 
control the best form which the present state of hydraulic 
knowledge suggests, to furnish a worthy example to the 
other canal proprietors of the kingdom, and so to bring 
the law and the practice into harmonious relation. 
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It may perhaps be useful, before closing this section, 
to give the formula used by the Piedmontese Commission 
on Weights and Measures, for calculating the value of 
the various measures of water employed throughout the 
country. It is as follows : — 

0 !: w / 1 (« -+• >■) " I " 

■where 

Q represents the voluiuo sought. 

I The lu-ejultli of the outlet. 
a Tlie height of the same. 

h 'J'lie head of water giving the pressure, locally termed the hatUntc. 

// The force of gravity. 

u The coelficiont due to the con traction of tlu' vein. 


For the last-noted quantity, which of course varies 
with the dimensions of the outlet and the other conditions 
of the problem, the best determinations arc given in the 
experiments of J’oncolct and Lesbros, which include a 
great variety of cases, and among them some precisely 
analogous to the modulo and the oncia of Piedmont. 
The coefficient of contraction, with an opening of the same 
dimensions, and under the same pressure as the modulo, 
is 0.600 by actual experiment. For the oncia, however, 
it is necessary to obtain the coefficient by approximation, 
none of the experiments having been made with outlets 
exactly corresponding to it. Taking, however, the nearest 
dimensions, it appears that for every centimetre, (0.39H 
inches,) by which the height of the orifice under a pressure 
equal to that required for the oncia of Caluso, or between 
8 and 9 centimetres, (8.14 and 8.537 inches,) was dimi- 
nished, the value of u increased by 0.0015. To make 
this clearer, the experiments of Lesbros give for an orifice 
with a height of 20 centimetres, (7.86 inches,) and under 
the pressure due to the oncia, u — 0.599, and for an 
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orifice with a height of 10 centimetres, u = 0.6 14. lienee 
the dilFerence in the value of u due the dilference of height 
is 0.01.') for ten decimetres, or as above, 0.0015 for each 
centimetre. 

The calcnlations made by the Commission arc given, of 
course, either in French or Sardinian measures, and the 
cumbrous ratios between these and our English measures 
entail considerable labour in attaining the rcsiilts. The 
formula being, however, general, there is no dilliculty in 
employing it ; and if we had experiments on outlets, 
suited in dimensions, and other conditions, to the wants 
of our irrigation system in India, much practical benefit 
would be the consequence. Considering the gi’cat pecu- 
niary and social interests concerned iji this question, 1 
may remark that it would be, in every respect, worthy of 
the government of India to cause such experiments to be 
executed in connection with the canals under its charge, 
as they must form the very foundation-stones of a sound 
and substantial system of distribution and measurement. 

The following Tablc.s give the al)Solute and relative 
values of the water-measures of I’iedmont, as determined 
by the Government Commission, which I have reduced to 
their equivalents in cubic feet per second, allowing 28.11 
litres to a* cubic foot. 


I. — Tabi,b showing the AiisfOUJ'ni Volumes ftp the .Mbasukes 
OP Watkb fok Ikrigatjo.n is Piedmont. 


Dciioininatioii of Measure. 

VoJiiine ill litres 
per .second. 

Yohiitie in ciiliic 
feet per second. 

Modulo of the Civil Code, 

57..03K 

2.047 

Ondu of Caluso, .... 

21.053 

0.84i) 

Do. of P. D. Micliclotti, 

27..028 

0.9B6 

Do. of Jgiiazio Michclotti, 

I 2S..861 

1.0198 

Do. of Novara, .... 

36.117 

1.276 





26 


MBASUEEMENT OF WATER IN LOMBARDY. 


II. — T.VBI.K SUOTVINO tllC ReLATTVE VaUJES of the WATER-MEASUBEa 

of Piedmont. 


1 

1 Modules, 
i 

1 

** Tnchctt •* 
of 

CaluiiO. 

Tiichos " 
of 

V. D. 
Micliilutti. 

“ IncheE" 
of 

Jgiinxio 

Miulielutti. 

“Inches” 

of 

Novara. 

. 

1 

Modulo, . . . 

1.0000 

2.4087 

2.0745 

2.0074 

1.6042 

Oiicia of Ciiluso, . 

0.4151 

1.0000 

0.8612 

0.0384 

0.6659 

Do. of F. D. Micholotti, 

0.40‘20 

1.1611 

1.0000 

1 

0.9676 

1 0.7732 

j 

Do. of If(iui7.io MioheloUi, 

0.4981 

1.1999 

j 1.0834 

1.0000 

! 0.7991 

1 

Do. of Moviirn, 

0.(»*234 

1.501.5 

j 1.2932 

1.2.514 

I 1.0000 



■ 






SECTION. II. 

SYSTEM OP .MEASUREMENT IN I.OMB.VRDY. 


As preliminary to a description of the measurement 
system of the Milanese, tlio most complete in Northern 
Italy, 1 will give some details, collected from various 
sources, regarding the measures of tlie other provinces of 
Lombardy. For the information given in this section I 
am indebted to the works of Tadini, l)e Regi, Brunacci, 
Bmschelti, and others, and to the courteous assistance of 
friends in the dilfcrcnt localities, who spared no pains in 
giving me every assistance in their power. 

1. ONCIA OR “inch” op THE PROVINCE OP LODI. 

The combination of effort by which the great canal of 
the Muzza was originally executed, has left a curious 
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impress on the measure gcnerall)' employed in the distri- 
bution of its waters. As the cities of Milan and Lodi 
united in bearing the expense of this woi’k, we find the 
local measures of each employed in determining the inch 
of water, which is tliat quantity passing through au open- 
ing, having a height of 9, and a breadth of 1 of the 
lineal' inches of Lodi, while the pressure or battente is 2 
of the linear inches of Milan. Is it possible that this 
most inconvenient arrangement can be another illustra- 
tion of those feelings of mutual jealousy which existed 
between the two potty republics? Whatever was the 
origin of this use of two separate measures in the same 
apparatus, the results in practice must have been very 
unsatisfactory. The linear inch of liodi is equal to 
1.4934, and that of Milan to 1.9257 English inches. 
Consequently, the dimensions of the water inch of Lodi 
are — hciglit, 13.44 ; breadth, 1.49 ; and iircssure, 3.85 
English inches. From the first opening of the canal at 
the beginning of the thirteenth, to the end of the six- 
teenth century, it can scarcely be said that the oncia of 
Lodi had any determinable value, for no measures were 
taken to insure the constancy of pressure, or, in fact, any 
of the conditions on which accuracy of discharge depends. 
After the introduction, however, of the module of Soldati 
on the Naviglio Grande, the value of the inch of Lodi 
became more rigidly defined, and it is now considered by 
the Lombard engineers to be equal to 0.77 cubic feet 
per second. 

II. ONCIA OK “inch” op THE PROVINCES OP 
CREMONA AND CREMA. 

I am indebted to Signor Elia Lombardini for the fol- 
lowing details of the inch of Cremona. This measure is 
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the quantity of watci* wliich, under simple pressure, passes 
through an opening 15.838 English inches in height, and 
1.572 in breewith, having a. pressure or battmte of 1.572 
inches above the upper edge of the outlet. The volume 
is estimated at about 0.88 cubic feet per second, and for 
each additional inch the breadth of the outlet is increased 
by one local linear oncia, or 1.572 English inches, the 
height and pressure reinainitig constant. It is, however, 
fixed by very ancient regulations, that no single outlet 
shall have a greater volume than 24 water inches, which 
corresponds to a rectangle, having a height of 15.838, and 
a breadth of 37.728 English inelie.s. 

Tl)c measuring apparatus of Cremona i.s very needlessly 
eoiiiplicatcd. The following diagram will male clear the 
arrangements ado])tcd in it : — 

Moj)ulo op ('kkmona. 


Sectional Diagi'ani. 
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The head of the irrigation clianiiel is established on 
the bank of the canal of supply at a h. Tt is provided 
with side-walls of masonry, extending in both directions 
for 12 or 15 feet, but its size is determined by no tixed 
rule. The entrance of water into the irrigation channel 
is regulated by a sluice-gate, or paratoja. The bottom of 
this cliannel is carefully levelled, and maintained horizon- 
tal, sometimes by a jiaveinent, most frequently without it, 
for a distance from tlie head varying from 60 to SO feet. 
The proper measuring outlet is cstaldishcd at c d, being 
from 25 to 30 feet from the head. The outlet is not cut 
in a thin slab of stone as is usual, but is formed by a 
culvert or covered channel of variable length, lly work- 
ing the sluice at the head, a constant pressure of one 
Cremonesc inch is maintained on the upper edge of the 
opening in c d, and the depth of water in the chamber 
between a h and c d ought, therefore, to lx; 11 Cromoncse, 
or 17.292 English inches. 

The double spurs in masonry, represented at g h and 
i k, are altogether peculiar to the (b'cmoncsc module. 
That at g h is intended to maintain invariable the level 
of the bottom of the canal of supply, near the outlet a b, 
and the sills of these two parts of the apparatus are at 
the same height. Tt is locally termed the literally 

the bench or banh, while the similar work at i k is 
called the briglia. 'J'his latter is placed at a distance 
of 250 feet from the head of the channel, having its sill 
depressed 1 Cremonese inch below that of the i-egulator 
at the head, and it ought, according to theory, to have a 
breadth equal to once and a half that of the outlet itself. 
In practice, however, this proportion is rarely observed, 
and is indeed sometimes literally inverted, the breadth of 
the briglia being actually less than that of the outlet from 
the canal of supply. Both the scagno and the briglia are 
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therefore merely profiles in stone, or sometimes wood, 
designed to maintain permanent the levels at once of the 
canal of supply and the irrigation channel, with reference 
to the sill of the head of the latter. The month of the 
covered channel, wliicli serves as a mcasnring apparatu.s, 
is closed by a stone slab, in which an opening, correspond- 
ing to the number of inches, is cut ; and on the edge of 
this opening, an iron scale, divided into breadths, repre- 
senting such inches, is usually fixed. The length of the 
channel is about 1 5 feet, but in pi-acticc great variety in 
this and all other points is permitted. 

It is evident from the arrangements of this apparatus, 
that it was devised originally at a time when the laws of 
discharge from orifices were but imjierfcctly apprehended. 
It is perfectly well known how difficult it is to estimate 
coirectly the di.scliarge from a single opening in a thin 
plate; when a covered channel of variable, but always 
considerable, length is annexed thereto, new elements of 
disturbance are introduced, the precise effect of which it 
is impossible to estimate. No fixed rule is observed for 
the proportions of the different parts of the apparatus ; 
the variability of the breadths of the sills of the spurs in 
both channels causes them to be mischievous rather than 
beneficial, so that, on the whole, the Cremonese module 
docs not command much confidence. It claims, however, 
to be the original form of the Lombardian measuring 
apparatus — to be the germ of the Milanese module. It 
is undeniable that the magistracy of Milan sanctioned, by 
a deci’ce under date the 22d December 1551, the intro- 
duction of the Cremonese module into the iiTigation system 
under their charge. The apparatus, however, was much 
simpler in detail than it subsequently became. The outlet 
was placed directly in the canal-bank ; the discharge was 
through an opening of the dimensions prescribed for the 
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Cremonese oncia, cut in a thin slab of stone, and without 
any covered channel. The sill of the opening wa.s placed 
at such a height above the bed of the supplying canal as 
to secure a constant height of 11 local inches of water 
over its inferior edge. But there is no trace of any regu- 
lating sluice or pnndoja having been used till 1.559, when 
the Podesta of Cremona, uiider orders from the magistrates 
of Milan, applied this means of controlling the supply, 
together with the covered channel and the double spurs of 
masonry — in fact, the normal Cremonese module — to the 
irrigating channels of the province. The inventor of the 
apparatus was an engineer of Cremona, by name Donenini, 
and the outlets of the canal Pallavicino were regulated by 
him after the manner described in 15G1, and those of the 
Naviglio Civico of Cremona in 1585. Intermediately 
between these two periods, or about 1572, Soldati invented 
the modulo magisfrale; but as it is in every respect so 
superior to that of Cremona, his claim to originality is 
scarcely affected by the brief priority due to the apparatus 
of Donenini. At this particular time, in truth, the evils 
of imperfect regulation so forced themselves into notice 
that thought was busy generally in devising means of 
removing them, and it. is therefore most probable that 
Soldati and Donenini invented their respective plans inde- 
pendently of each other. 

In the province of Crema the measuring apparatus is 
the same in its general arrangements as that of Cremona. 
But local measures being employed, there are some differ- 
ences in the dimensions. The opening corresponding to 
the water inch of Crema has a height of 15.32, a breadth 
of 1.53 for each inch, and a pressure equal to 3.06 English 
inches. The same imperfections as already noticed in the 
modulo of Cremona produce like uncertainty in the volume 
of water discharged by that of Crema, 
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in, ONCIA, OR “ WATER- INCH " OF THE PROVINCE 
OF BERGAMO. 

This measui'c is a very peculiar one, being the solitary 
example in Northern Italy, so far as I know, of the 
employment of a circular instead of the usual rectilinear 
orifice. The inch of Bergamo is that quantity of water 
which passes through a circular opening, having a 
diameter of 1.73 Eiiglhsh inches. It i.s, howevci’, a 
measure of extreme uncertainty, since no detenninate 
pressure is prescribed for it ; and though for practical pur- 
poses tables have been prepared, showing the discharges 
with difl'erent heads of pressure, still it is generally 
admitted that it is one of the least satisfactory of the 
various local measures now employed, and there is thcrc- 
Ibre no special advantage in giving any minute details 
regarding it. 

IV. WATER -J1EA8URE, OR “ QUADRETTO ” OF THE 
PROVINCE OF IIRE.SOIA. 

The Brescian quadrelto is that quantity of water 
which passes through a square ojiening, having each side 
equal to ouc local braccio, or 18.66 English inches. In 
its original form some ellbrt was made to maintain a con- 
stant pressure by prescribing that the centre of the quad- 
rdto should always be placed at mid-depth of the supply- 
ing canal ; but in practice, even this somewhat obscure and 
imjierfect condition is rarely attended to. When I visited 
Brescia, I was favoured with a paper on the water measure 
of the province, drawn up for me at the request of Signor 
Fillipo Ugoni, by Signor Corbolaui, an engineer of that 
city in extensive employment. I give here a translation 
of this note, as it supplies some information of interest. 
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It will be seen that, so long as the supei'licial area of the 
quadretto, which is 144 local inches, is maintained, the 
form and linear dimensions of the outlet are by no means 
constant. The normal form is 24 inches by 6 ; but in 
practice, outlets are found of 12 by 12, of 4 by 36‘, and 
even of 3 by 48. 

“ As regards the manner in which canals or outlets foi‘ 
the distribution and measurement of ninuing water are 
constructed in this province, I have,” says Signor Corbolani, 
“ to state as follows : — 

“ That by custom, dating from the sixteenth century, 
as was established by my late father from numerous 
ancient documents, water for irrigation or machinery is 
here distributed by the quadretto. 

“A quadretto is that body of running water which 
passes through an opening, having a brcadtli of 24 once, 
or 2 hraccia, (equal to 37.32 English inches,) and a height 
equal to 6 once, (or 9.30 English inches.) The following 
ai’rangements are made to secure regularity of distribu- 
tion : — 



“ In the bank of the principal canal, A B, from which 
the supply is to be obtained, an outlet of masonry (bocca) 
is constructed, having a breadth of 24 local inches, and a 
height determined at the discretion of the proprietor. 

VOL. Tl. c 


34 


DETAILS CONCLUDED. 


This head is furnished with a sluice-gate so 

constructed as to be raised or depressed with facility* to 
regulate the quantity of water admitted into the in’igating 
channel C D E. 

“ Tliis channel is carried in a straight line from the outlet 
for a distance of not less than 930 feet, with a fall in this 
length of 6.20 inches. 

“ Midway in this channel, or at a distance of 465 feet 
from the head, is established the modulo or regulator D, 
liaTing a length of 18.60 feet, an opening at its mouth of 
the dimensions cori’csponding to the number of qnadreUi 
it has to supply, but with no arch or covering, and so 
consisting simply of side-w’alls and flooring in masonry, 
the latter being 3.10 inches below' the sill of the outlet at 
the head. 

“ At the distance of 930 iect, a solid bar of masonry 
{hriglia) with side-walls is constmeted in the bed of the 
channel Avith a length of 9.30 feet, and a breadth the 
same as that of the regulator at D. The sill of the hriylia 
is 3.10 inches below' that of the regulator at D, or 6.20 
inches below' the level of the flooring of tlio head. 

“ These arrangements made, the sluice is so regulated as 
that the height of water at D shall not exceed 9.30 inches, 
and the (quantity of water then issuing is one quadretto 
of Brescia. 

“ When larger or smaller quantities are necessary, the 
breadth of the outlet is varied accordingly, but the 
height of water remains constant at the regulator D. 

“ Certain outlets in the province are square, having each 
side equal to 1.55 English feet ; but these are the oldest 
forms, and are not now approved, the dimensions I have 
just stated being those preferred in all new grants.” 

The defects of this system are appai'ent at a glance. 
The almost impossible provision of no pressure at the 
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regulator, wliich leads to extreme Tariations of volume, is 
essential — the water, instead of passing the regulating 
opening with no velocity, arrives at it with that due to a 
fall of between and 3 feet per mile ; and as the linear 
dimensions of the regulator vary much in practice, it is 
evident that the value of a qnculretto is really beyond 
accurate determination. There arc other forms of appa- 
ratus in use, such as having two or three regulating out- 
lets, but the fundamental errors noticed above affect the 
whole, without a single exception that I am aware of. 

V. WATER MEASURE OR “QUADRETTO” OP THE PROVINCE 
OP VERONA AND MANTU.V. 

The peculiar position of the.se two provinces, as being 
irrigated fi-om the same rivers, while for a long period 
they belonged to different powers, has led to an infinity of 
rules and regulations regarding the distribution of water 
within them. The system in force, however, is far less 
perfect than might have been anticipated from the cir- 
cumstances of the case, and is, in fact, scarcely superior 
to the methods of adjoining provinces, on which much less 
interest has been bestowed. 

The quadretto of V'^erona is that quantity of water 
which passes through an opening of one Veronese foot, or 
18.27 English inches square, under a pressure of 3.04 
inches above the upper edge of the outlet. The opening 
is made in a plate varying from 3 to 6 inches in thick- 
ness, and the discharge should take place under the 
influence of simple pressure without velocity. Strange to 
say, the height of the outlet — which, whatever be the 
number of quadretti issued, ought to remain fixed, 
while the breadth only varies — is changed constantly in 
practice, so that the determination of the real value of 
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this measure is about as impracticable a problem as Italian 
irrigation presents. I endeavoured in vain to procure 
precise information regarding it, as those best qualified in 
the country had no common agreement on the point. 

Throughout the more easterly provinces of the Lom- 
bardo-Venetian Kingdom, there is no well-defined system 
of measurement of water. This is readily explicable, from 
the very limited extent to which imgation is developed 
over their surfaces. On this subject, Brunacci remarks, 
{Memoria, p. 54,) “ In the Venetian provinces there arc 
no fixed methods for the distiibution of water, nor is 
there any established unity of measure. In all grants of 
water made there, wo find specified only the area of the 
outlet, and the use to which the water issuing from it is to 
be applied. No reference to the pressure or any other 
cireumstanco waiTants us in inferring that the element of 
velocity w'as taken into consideration. Nor is this to be 
wondered at in localities where the nature of the soil, and 
the deficient supply of perennial streams, forbid the deve- 
lopment of an agriculture requiring extensive and repeated 
irrigation.” 


SECTION III. 

ME.V8UREMBNT STSTKJI OK TIIM MILANESE. 

As preparatory to the detailed description of the 
modulo magistrate of Milan, I may first state in outline 
the essential conditions which, according to the most ap- 
proved Italian authorities, are to be fulfilled by a trust- 
worthy apparatus for the measurement of water employed 
in in'igation. To claim rigid accuracy for any such ap- 
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paratus, in the present condition of hydraulic knowledge, 
is impossible ; but where the object is the practical one 
of measuring the water issued withiu reasonable limits of 
error, satisfactory results may, I think, be obtained. 

The general laws by which the motion of fluids are 
regulated are sufficiently familiar to make it unnecessary 
for me to dwell at any length upon them. The basis of 
all formuhc for discharge by orifices is the Torrcccllian 
theorem, published first in 1643, which establishes the 
law that, “ if no disturbing causes interfere, the velocity 
of a fluid, on issuing from an orifice in the side of a 
reservoir, is that which w'ould be acquired by a heavy 
body in falling freely from a height equal to the distance 
between tlic surface of the fluid and tlie centre of the 
orifice.” According to the first principles of accelerated 
motion, the velocity of a freely-falling body is propor- 
tioned to the time consumed in acquiring it, and the 
height to the square of this time. Hence we have the 
elementary expressions 


e = v/ 


2 tj h Jiiid h — 


r'i 


in which v represents the velocity of the fluid on* issuing 
from the orifice, h the height corresponding to this axIo- 
city, and g the constant of gi’avity ; whence it follows, 
from the relations thus establi.shcd between the velocities 
and the heights corresponding to them, that if a series of 
orifices be opened, in the same vertical line, in the side 
of a reservoir, the curve which results from taking the 
heights as absciss®, and the velocities due to these 
heights as ordinates, will have its absciss® proportional 
to the square of its ordinates ; or, in other words, the 
curve in question will be the parabola, the properties of 
which supply the means of calculating with simplicity the 
velocities corresponding to given heights, as has been done 
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by De Regi, in lus “ Tavola Paraholica per le Bocche 
(flrrigazicne,” a work which I found of high authority 
among the engineers of Northern Italy in all hydraulic 
calculations. 

The means thus existing for determining the velocity 
due to given heights of water, it might seem that, to 
obtain the discharge, it was only necessary to multiply 
the area of the section of the outlet by the velocity 
corresponding to the head of pressure, or hfUtente over 
it. But, in truth, there is no branch of physics in which 
the theoretical correspond less with the observed results 
than in hydraulics, and the most approved forinuhe, with 
every possible correction, arc still far from rigidly accurate. 
There arc numerous disturbing elements to be taken into 
account, some of which remain still but imperfectly deter- 
mined. Fird, the coefficient, representing the force of 
gravity, vai'ies with tho latitude and the elevation of the 
locality ; and it is necessary, to the accuracy of tho 
discharge, that its exact numerical value should be known. 
Second, The discharge from an orifice is modified by the 
resistance of the air, and never in practice conforms to the 
theoretical condition of a vacuum, In cases of outlets for 
in-igation, the discharge almost invariably takes place in a 
fluid medium, and is modified by tlic resistance of the 
water. Third, There is scarcely a single condition of the 
supplying channel, as regards its form, its inclination, the 
material of which it is composed, and numerous other 
physical circumstances, which does not react on the volume 
discharged from a given outlet under a determinate 
pressure. And, fourth. The form of the outlet itself is of 
the last importance to the estimate of tho volume of water 
it is capable of discharging under given circumstances. 
According as this form varies, the eocfficient representing 
what is technically called “ the contraction of tho vein” 
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varies also, and to an extent which influences, in the first 
degree, the discharge from it. The determination of tliis 
coefficient lias been the object of many series of experi- 
ments, the most complete being that of MM. Poiicelet 
and Lesbros, pnblislied in 1832, under the title of 
“ Experiences Jhidraulujms Metruines,’* for an abstract 
of which I am indebted to the “ Idronamica ” of Colom- 
bani. According to these experiments, it appears that, 
for orifices of the dimensions, and witli the pressures most 
common in irrigation, the mean coefficient of contraction 
is between 0.G2 and 0.63. 13ut even at best these 
results must be used with caution, as many circumstances 
will occur in actual practice to modify thcin. I do not 
know that any satisfactory experiments have yet been 
made on the discharges of outlets, partially or wholly 
immersed in water, as is constantly the case with the 
heads of channels of irrigation. Many new conditions 
arise in such cases to complicate the problem, and 1, con- 
fess 1 have little or no confidence in any of the existing 
means of solving it. The best result that can at present 
be obtained should, therefore, be regarded as simply an 
approximation to the truth, and nothing more. 

The conditions essential to the practical working of a 
good system of measurement arc thus stated by Brunacci, 
(“ Memoria” p. 71.) 

“ In order that orifices in two separate I’oservoirs, 
maintained constantly full, should discharge equal quanti- 
ties of water in equal times, it is necessary — 

“ 1, That the two orifices should have exactly the same 
area, the same form, and especially the same perimeter. 

“ 2. That they should be placed at the same depth 
beneath the surface of the water, 

“ 3. That the plates or partitions in which the orifices 
are cut should have the same thickness. 
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“ 4. That the water in both reservoirs should be equally 
calm or equally disturbed on its surface, or throughout 
its mass, in the vicinity of the orifices. 

“ .' 5 . That the directions in which the water passes 
through both orifices should be the same. 

“ 6. That the water, if not stagnant, should arrive at 
the two orifices with the same velocity. 

“ 7. That the discharge of the water from the orifices 
should be equally free or equally checked — that is, if 
canals arc attached to the outlets, they should have equal 
sections, slopes, or other conditions. 

“ 8. That if the discharge is made in water, the re- 
action should be the same in both cases.” 

These conditions were originally indicated about the 
middle of the sixteenth century, and they include nearly 
everything that could influence the discharge. It will be 
seen, however, that some of them arc purely theoretical, 
and their attainment in practice would not be possible. 
Looking simply, therefore, to the demands of an ordinary 
irrigation system, a module which effected perfectly the 
following results would leave little to desire ; and in pro- 
portion as existing forms do cftect them, tliey may lie 
ranked higher or lower in the scale of practical value. 
The results sought arc— 

1. That, wherever placed, outlets nominally of equal 
discharge should always furnish, in given times, exactly 
the same quantities of water. 

2. It is an cs.scntial re.sult that the discharges should 
be equal, howrever the level of the canal of supply may 
vary. 

3. The measuring apparatus should be so constructed 
as to render it impossible for its proprietors, or any other 
person whatsoever, to alter in any W’ay its discharge, with- 
out leaving traces of such attempts easy to be recognised. 
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4. That the manucr of working the apparatus should 
be so simple as to require no more than the most ordinary 
intelligence on the part of the officials intrusted with its 
regidation, so as to avoid all risk of its being injured cither 
by their awkwardness or ignorance, 

5. That no calculation should be necessary in regulating 
the discharges ; but w'hcn alterations of the quantity of 
water were necessary, they could be made at once by the 
mere adjustment of the measuring apparatus. 

6. Tlie apparatus should occupy but a limited .space, 
so as to admit of its being applied in all localities. 

7. The normal discharge, or unity of measure, being 
once determined, the apparatus ought to be so constructed 
as to insure constancy of volume from large and small 
outlets. 

When these seven conditions are exactly fulfilled, tJic 
problem of a measure of water, perfectly applicable to the 
wants of the most extensively developed system of irriga- 
tion, will be solved. I may now proceed to show in how 
far the modulo magistrale of Milan has effected this ; and, 
first, as regards tlie elementary principles on which its 
construction is founded. 



Let A B C D be a vessel supplied with water, having 
an outlet at D, and divided vertically across its breadth 
by a partition or diaphragm E F, which can be placed at 
variable heights above the bottom of the reservoir. On 
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investigating the phenomena of discharge under these 
circumstances, the early Italian experimentalists found — 

1. That there was established between the two com- 
partments of the reservoir a constant difference of level, 
and that this difference was proportionally greater accord- 
ing as tlie opening of the diaphragm was loss in compari- 
son with that of the outlet. In other words, the opening 
at D remaining constant, and that at F being variable, 
the difference between the levels of the water, in the com- 
partments A E F B and F E D C, was found to be pro- 
portional to the difference between the areas of the outlets 
at D and F. As F became less in proportion to I), the 
difference of level increased, as might have been expected. 

2. That if, instead of maintaining the level of water in 
the reseiToir constant, it was subjected to elevations or 
depressions, the variations coircsponding to these were 
found to continue proportional to the heights originally 
established in the two compartments respectively, for a 
given condition of the oinficcs of discharge and communi- 
cation ; in other words, if, when the level in the reservoir 
was maintained constant, the heights of water in the two 
compartments were to each other as 3 to 1 ; then a de- 
pression of the level of the first compartment, to the extent 
of, say, 3 feet, M ould produce in the second a depression 
of 1 foot ; 1 8 inches in the first, 6 inches in the second, 
and so on. 

3. That this principle was not affected by the employ- 
ment of two or more partitions ; that is to say, the same 
relative proportion was maintained between the variations 
of level and the original heights of water in the finst and 
last compartments, whatever addition was made to the 
number of the intermediate diaphragms. 

The application in practice of the principle here stated 
is sulficiently clear and simple. Suppose the first com- 
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partment, A B E F, to bo a canal or reserTOii*, E F tbe 
sluice-gate at the head of an irrigating channel, and D 
the regulating or measuring outlet — it is clear that, by 
raising or depressing E F according as the varia- 
tions in the level of the main canal render necessary, a 
fixed and constant height of water may be maintained 
over D, and that condition, which in all iiTigating coun- 
tries has been recognised as the most important to a good 
module, may thus be practically secured. I need scarcely 
remark, that as the physical circumstances of canals of 
irrigation make changes of level very frequent, a certain 
amount of fluctuation in the volumes, discharged by every 
module, must necessarily be tolerated. Wliat this amount 
may be is of course dependent on local considerations and 
convenience, but the moment it is passed, an apparatus, 
constructed on the principles above noticed, furnishes the 
means of at once re-establishing it in its normal condition. 
But it is to be observed further, that, independently of the 
power thus supplied to establish, when it is considered 
necessary, an exact pressui'c on the measuring outlet, the 
sluice or paratoja produces an important effect by its 
mere presence. For, on the principle expressed in the 
second of the results of the Italian experimentalists be- 
fore given, the variations of level in the main canal pro- 
duce on the water within the module the minima of 
alteration, and the greater the difference of height be- 
tween the water outside and inside the sluice, the more 
marked is the diminution of the effect of changes of level 
in the former. As a numerical illustration of this point, 
it has been found that, in the Milanese module, when tho 
difference of height between the water on each side of the 
sluice amounted to 6.96 feet, a depression of level out- 
side, or in the canal, to the extent of 4^ inches, led to a 
variation in the interior of the module of a little less 
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than a single inch. The pressure on which tlie discharge 
of the module so intimately depends was, therefore, affected 
to the extent of about one-fourth of the variation in the 
supplying canal ; and the same proportion would continue 
if the sluice sliould remain in a fixed position. Its pas- 
sive influence, so to speak, is accordingly of material use 
in practice. 

Although the introduction of the regulating, or, as it is 
sometimes tenned, the hydrometric sluice, is the most 
important step in the improvement of the measuring 
apparatus of Italy, there arc other circumstances which 
are also very essential. These are the distance of the 
measuring outlet from the head, the form of the chamber 
included between those points, the form and dimensions 
of the chamber below the measuring outlet, the proper 
dimensions of the measuring outlets themselves. These 
latter conditions vary exceedingly in different cases ; and 
in looking to the approved modules of Northern Italy 
two distinct points arc to be noted. 1st, That each ex- 
hibits in the paratnja, or hydrometric sluice, a fixed 
and fundamental portion of the apparatus destined to 
insure constancy of pressure on the measuring orifice ; 
and, 2d, That they exhibit various arrangements, differ- 
ing in each, designed to regulate the condition and move- 
ment of the water in the module, both as affected by the 
supplying canal and the channel of distribution. These 
general remarks may prepare the way for a clear concep- 
tion of the module of the Milanese, which I now proceed 
to describe. 

The historical sketches of the gi'cat canals of the 
Milanese, given in Part II., have rendered unnecessary 
any detailed account of the circumstances under whicli 
the modulo magistrale Was introduced. The crying 
evils arising from the fraudulent appropriations of the 
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waters of the Naviglio Grande were the moving causes 
to the cstablisliment of tliis measure. From the com- 
mencement of the thirteenth to that of tJie sixteenth cen- 
turies, 'grants of water in the Milanese were made in the 
ro^gine, the synonym, as formerly mentioned, of the 
Piedmontese ruota, the French veil de mmle, or the 
moulan d! eau, and literally, in English, "the wheel.” 
The rodigine was the quantity of water passing through 
an opening, having an area of 72 local square inches, and 
of which the sill was placed 8 inches above the bottom 
of the canal. It was subdivided into C water-inches, but 
as no conditions regarding pressure were fixed for it, its 
absolute value is unknown. The oncia, or water-inch, 
was also employed in regulating grants of water ; it was 
the quantity of water passing through an opening of 12 
local square inches, of which the sill was placed at 8 inches 
above the canal-bed in the Naviglio Grande, and 4 inches for 
the river Olona. The water-inch, however, was a measure 
quite as undetermined and unsatisfactory as the rodigine. 

It is not until the beginning of the sixteenth century 
that wc find any accunicy introduced into the water- 
measures of the Milanese. In 1503 the following instruc- 
tions were issued : — 1. That all outlets should be made in 
slabs of gi’anite or marble, with a fixed height of 4 local 
inches. 2. That they should be established in the banks of 
the canals, without accompanying dams, spurs, or any other 
like works. 3. That the outlet, properly so-called, should 
have attached to it a chamber in masonry of the length of 
9 braccia, (17| feet,) of which the lateral walls parallel 
to each other should fom on each side a return of 3 
inches (5.895 English inches) in excess of the breadth of 
the outlet. 4. Finally, that the sills of the outlets should 
be established at heights fixed for each canal according to 
the depth of water in it. 



46 


INTRODUCTION OP THE PARATOJA. 


The first rude outline of the modulo magidrale is to 
be traced in these regulations. An attempt is made to 
regulate the discharge from the outlets by the introduction 
of a masonry chamber ; but as yet the means of estab- 
lishing a fixed pressure had not been devised. It was 
between 1559 and 1561 that the hydrometric sluice was 
first employed, and then in association with the module 
of Cremona, which, as we have formerly seen, combined 
with it, by a sort of perverse ingenuity, as large a number 
of impcrftjctions as such an apparatus could display. Ten 
years later, or in 1572, Soldati submitted to the magis- 
tracy of Milan the modulo he had invented ; and it is 
curious to note that it was constructed on purely empiri- 
cal data, for at that period it may be said that the scien- 
tific principles of hydraulics were .scarcely known. In the 
history of the Naviglio Grande I have given the conditions 
of the problem, as submitted by the magistrates to the 
engineers of Milan, and of these I may repeat here the 
three which may be considered fundamental. 

1. To indicate the best unit for the measurement of 
water employed in irrigation, and such a method of distri- 
buting it as should be injurious neither to the public 
treasury, to navigation, nor to the consumers. 

2. To discover an apparatus which should be competent 
to discharge in a given time, by outlets of fixed dimensions, 
a constant volume of water, whatever may be the varia- 
tions in the level of the supplying canal ; or that this 
volume, once fixed under a known pressure, should be ren- 
dered perfectly independent of the variations which might 
take place either in the level of the water, or in the form 
or direction of the canal. 

3. To construct the apparatus so that it would oppose 
all possible obstacles to that system of fraud or alteration 
by which a gi-eater quantity of water had been obtained 
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than was originally gi'antcd, and which had hitherto pre- 
vailed throughout the countiy. 

These instructions w'erc fulfilled by Soldati in the fol- 
lowing wav : — 

The unit of measure fixed upon was called the oncia 
mxigistrale^ and is that quantity of water which flows freely, 
or under the sole influence of pressure, through a rectangular 
opening, having a uniform height of 4 local inches, (7.86 
English inches,) a breadth of 3 local inches, (4.12 English 
inches,) and a constant pressure of 2 local inches, (3.93 
English inches,) above the upper edge of the outlet. 

The diagram below exhibits to the eye the dimensions 
of this unit of measure. 


Oncia Maoistrale ok Mii.an in Engi.isu Mkasores. 





It is essential that the above dimensions should be 
rigorously observed, and especially that the constant pres- 
sure of 3.93 inches over the outlet should be maintained. 
When one outlet is designed for the discharge of several 
water-inches, the breadth only varies in the proportion of 
3 local linear inches (4.12 English inches) for each addi- 
tional water-inch, the height and the pressure remaining 
constant, as thus — 
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Outlet fob 6 Watkh-Iscugs. 



'riic outlets arc cut with care in a single slab of stone, 
which varies in dill'erent localities, being in some granite, 
in some mica slate, and in some marble. To preserve 
them fi'om being tampered with, an iron rim is fixed upon 
them of the exact dimensions corresponding to the dis- 
charge. They ought invariably to be cut in a simple 
plate, with no arrangement of any kind to incj-ease the 
volume beyond that due to pressure alone. Tlic thickness 
of the slab varies somewhat with the dimensions of the 
outlet, but in a rigidly exact module this dimension should 
be fixed in common with all the others. Tiiese are the 
conditions applicable to the measuring outlets. To illus- 
trate the other an-angements of the modulo, I give below 
a \)lari and section of it in its complete form. 

Modulo Magisti>.alb of Milan. 


Flan. Fig. 1. 
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Longitadinal Section. 
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Tlic head A B, Fig. 1, is placed on the bank of the 
canal of supply with the sill 0 D, Fig. 2, on the same 
level as the bottom of this canal. It is formed of two 
side-walls or checks, of good masonry, in brick or stone, 
with a flooring generally of the latter material. To pre- 
vent erosive action, the bed of the canal, for such distance 
as the force of the current may render necessary, is paved 
with slabs of stone or boulders, both above and below the 
head. The outlet of the head is usually made of the 
same breadth as that of the measuring orifice G H, Fig. 
2 ; while its height is regulated by that of the head itself. 
The sluice-gate or pwratoja, I K, Fig. 2, works in grooves, 
and is fitted with a rack and lever, by which it can be 
readily raised or depressed at pleasure. As the surface 
level of the canals of the Milanese varies comparatively 
little, the upright of the sluice has a small catch in iron 
or wood attached to it, by which it is kept at a fixed 
height corresponding to the requisite prcssuie on the ori- 
fice G U, Fig. 2. This little catch is locally termed the 
gattello ; and as it is provided vidth a lock and key, the 
latter of which is intrusted to the guardiati of the canal, 
the proprietor of the water-course is supposed to be 
restricted to his legitimate supply ; and probably is so, 
within reasonable limits, provided always that the guar- 
dian is incorruptible. 

In rear of the sluice-gate at the head is placed the 

vox,. II. D 
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first clianibcr, L M, Figs. 1 and 2, called in the language 
of irrigation, the tromba coperta, or covered chamber. 
It has, in the established form of the modulo, a fixed 
length of 10 braccia, equal to very nearly 20 English 
feet, and a breadth variable according to the size of the 
licad-sluicc, which it exceeds by the fixed quantity of 5 
local inches on each side, or 10 on the entire breadth, being 
nearly 1.64 English feet. The bottom of the covered 
chamber, D 11, Fig. 2, is formed with a slope to the rear, 
or as a ramp : the height of this slope, H h, is equal to 
8 local inches, or 1 .5f English inches very nearly ; and 
its object is to diminish the velocity with which the water 
reaches the measuring outlet (I 11. Farther to assist in 
effecting this object, the perfect modulo is provided with 
a horizontal top of stone slabs, or planks, called the 
ciolo morto, the under surface of which is at precisely the 
same height as the water ought to have over the outlet G H, 
so as to secure the fixed discharge ; that is, 3.93 English 
inches above the upper edge of G H. The gi’eat purpose 
of the apparatus being to secure the discharge taking 
place under simple pressure, the cielo morto, which may 
be roughly rendered the deadening cover, is found to 
reduce the irregular motion of the water in passing from 
the sluice A B to the measuring outlet G H. 

To admit of ready inspection of the state of the water 
within the covered chamber, the following arrangements are 
made : — The entrance to the chamber is covered by a stone 
slab of convenient thickness, shown in section at E, Fig. 2, 
the lower surface of which is precisely on the same level 
as the upper edge of the outlet G H. The height of the 
ramp H A being 15.72, and that of the outlet G H being 
7.86, the surface of the slab at E should be just 26.58 
English inches above the sill of the head C D. An open 
groove, L D, is made in the masonry, large enough to 
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admit a graduated rod or measure ; and when the water 
stands at a height of (23,58 + 3.93) 27,51 inches above 
the sill at D, it is known that the proper head of pressure 
exists at G H. As it is found to be greater or less, the 
sluice is raised or depressed, so as to adjust the pressure 
to the fixed standard. 

The slab of stone in which the measuring outlet is cut 
being fixed at G II, Figs. 1 and 2, immediately in rear of 
it there is placed the tromha scopetia, or open chamber. 
Its breadth at N, Fig. 1, is two local inches, or 3.93 
English inches gi'eater on each side than that of the 
measuring outlet ; or in all, 7.86 inches. Its total length, 
N 0, is very nearly I7f Englisli feet. Its side-walls, 
which arc perpendicular like those of the covered chamber, 
have a splay outwards, so that the breadth at 0 is 11.79 
inches greater than at N, or 15.72 inches in excess of that 
of the regulating outlet G H, being the same as that of 
the covered chamber throughout. To insure the free 
run of the water from G H, the flooring of the open 
chamber has a drop or fall of 1.96 inches at H, and an 
equal quantity distributed uniformly between H and 0, 
Fig. 2. There is, therefore, a total fall from the under 
edge or lip of the measuring outlet to the end of the open 
chamber of 3.93 inches; or — as the length is 17.72 feet — 
very nearly 1 inch in 54, When the water reaches 0, it 
enters the channel of distribution, and becomes the pro- 
perty either temporarily or permanently of the parties to 
whom the gi'ant of it has been made. Arrangements at 
0 vary. Sometimes there is a fall from the end of the 
modulo to the bed of the channel ; but generally the two 
are on the same level, the latter being carried forward at 
the Usual slope for such works. 

From the preceding details, it therefore appears that 
the modulo mopistrale, in its normal form, has a length of 
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nearly 37| English feet, and a breadth variable according 
to the quantity of water it is designed to measure. If a 
single “ water-inch,” for example, be the volume, the 
breadth of the covered chamber would be 25.54 inches, 
and that of the open chamber 13.75 at its upper, and 
25.54 at its lower, extremity. The flooring of the former 
rises 15.72 to the rear, while that of the latter falls 3.93 
in the same dii-ection. 

It is essential to the effective operation of the regulat- 
ing sluice in the modulo rnagistrale, that there should be 
a dilfercnco of level between the water in the canal and in 
the apparatus of at least 7.86 inches ; and as the height 
of water in the latter must be 27.51 iiichcs, the depth of 
water in the canal of supply must necessarily be not loss 
than the sum of tliesc numbers, or 35.37, being very 
nearly 3 feet. In this case the relative heights of different 
parts of the works are given below, the bottom of the 
canal of supply being the zero lino. 

KtiglLth iiiclies. 

Bottom of the canal, .... 0.00 

IjOvoI of the water in the canal, .... 36.157 

T..ovel of the w’ater in the interior of the inothdo giving the 

coiistimt prc.s.sure, . . . .27.61 

Level of under surface of tho stone slab at the mouth of the 
covered chambiir, and of Die upper edge of tho ineiisur- 
ing outlet, ...... *23,58 

Ijevel of lower edge of measuring apparatus at the end of the 

ramp of tho flooring of tlic covered chamber, . , 15.72 

Level of tho llooring at the head of the open chamber, . 13.75 

Level of the flooring at the torminntiou of the open chamber, 11.79 

In analysing this modulo, two essential objects become 
apparent, to the fulfilment of which the various details just 
given are directed, 1st, To maintain on the measuring 
outlet a constant pressure ; and, 2d, To make this pres- 
sure, as much as possible, the sole force influencing the 
discharge. To the first object are directed the different 
mechanical arrangements at the head, the paratoja duly 
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provided with the (fatello, and, to a certain extent, the 
cielo morto. To the second belong the interior arrange- 
ments of the covered chamber, with its sloped flooring 
and fixed top ; while the free passage of the water is 
secured by the open chamber, with its small fall at the 
head and continued incliuation of the bottom. 

I purpose giving, in the description of the Plates, the 
details of several examples of canals of distribution regu- 
lated by the modulo magistrdle, wliich will illustrate the 
extent to which, in practice, the normal form has been 
departed from. I examined personally a great number 
of these works, and I can scarcely say I found any which 
conformed rigorously to the prescribed form. The lengths 
of the chambers varied continually, and apparently accord- 
ing to the fancy of the engineers by whom they had 
been constnictcd. One-half the normal lengths was a 
not unusual proportion ; but the breadths, with reference 
to those of the measuring outlets, were usually observed 
more carefully. In a great number, the deadening cover 
was wholly dispensed with ; in many more, the backward 
slope of the flooring of the covered chamber did not exist, 
though the lower edge of the measuring outlet was main- 
tained at the prescribed height of 15.72 inches above the 
level of the sill of the head of the canal. All these 
variations arc unquestionably imperfections, though they 
cannot be said to destroy the utility of the apparatus ; 
and it is matter of regret that they should liave been 
permitted to grow up as they have done. Discretion in 
changing the details of a measuring apparatus should be 
vested in the government only, which can from time to 
time sanction such alterations as seem likely to add to 
the efficiency of the work ; but for private parties to be 
allowed to follow their own caprices, is ruinous to the 
existence of any well-defined and generally recognised 
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systcin of rocasuroinoDt. Its results become uucertuin 
its unit ceases to be a fixed quantity ; and things re- 
lapse into that state ’which favours fraud by defying easy 
verification. 

An apparatus so extensively employed, and linked in 
its action with interests so important as the modulo ma- 
gistrale, has necessarily engaged much attention, and 
caused no small amount of discussion among mathema- 
ticians and engineers. Though admitted on all hands to 
be the best fom yet devised for use in irrigation, these 
discussions have drawn attention to some sources of error 
which affect its results very materially. 

In seeking to ascertain the real value of an oncia 
magistrate of water, as measured by the modido magistrale, 
I have been stnick by the variety of results different 
authors give. I am indebted to the Idrodinamica of 
Colombaui for some of the following values, to the tables 
of the Piedmontese government for others, and I give 
them to show practically that the modulo of Milan cannot 
yet be said to have fulfilled its object perfectly. 

According to the calculations of l)e Kcgi, in his Tavola 
Paraholica, p. 67, 68, the value of an oncia magistrale 
is 2.43 cubic metres per minute, or, in English measure, 
very nearly 1.42 cubic feet per second. 

Bruschetti gives a long detail of experiments made in 
1744 by the engineer Mcrlo on the Muzza Canal, [Slor. 
Irrig., p. 230, et seq.) to determine the value of the Mi- 
lanese oncia, the mean result of all of which is to make 
it equal to 1.57 cubic feet per second. 

Signor Mazzeri, who was kind enough to communicate 
many details of this kind to me in person, estimates the 
value of the oncia at only 1.21 cubic feet per second. 

Brunacci estimates it at 1.46 cubic feet per second, while 
the Department of Public Works in Lombardy consider it 
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to be equal to 1.64 cubic feet per second. The highest 
estimate, so far as my examination has gone, is that last 
mentioned, or 1.64 cubic feet per second, M'hile the lowest 
is 1.21 cubic feet per second, as given by Signor Mazzeri, 
and generally adopted by the engineers of liombaixly. 
The difference between these extreme estimates is very 
considerable, being between one-third and one-fourth of 
the total quantity discharged. 

I’he origin of these differences is due to a cause which 
affects the whole of tlie modules of Northern Italy. The 
experience on which the estimates of the engineers is 
founded has been generally derived from dealing with 
small quantities of water not exceeding one or two inches. 
The estimate made by the government is founded on the 
experience of the results on the great canals, where the 
outlets are almost uniformly of largo dimensions. Now, it 
is certain that, all other circumstances being alike, the 
quantities of water discharged from large outlets are pro- 
portionally greater than those discharged from small ones. 
Hence the oncia magistrale., as determined by experi- 
ments with the former, has a decidedly higher value than 
when determined from the latter. The cause of this is 
clear. To give a discharge, say of 6 water-inches, the 
breadth of the outlet is made six times that for one inch, 
the height and the pressure remaining in both cases the 
same. The proportion between the sectional areas and 
the perimeters of the outlets becomes, however, materially 
altered, and the influence of the perimeter, in effecting the 
contraction of the vein, diminishes gradually as the size 
of the outlet inci'eases, and, in a similar proportion, the 
discharge becomes gi'eater. In elucidation of this remark 
I may state that, in an outlet for one onew, magistrale, 
the ratio of the section to the perimeter is as 1 to 23.33 ; 
of 2, as 1 to 16.66 ; of 4, as 1 to 13.33 ; of 8, as 1 to 
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11.66 ; of 10, as 1 to 11.33, or about half what it is for 
one oncia; of 20, as 1 to 10.66, and so on ; and there 
are real diifercuccs of discharge due to the variable ratios 
now given. V'eiy serious pecuniary loss may consequently 
be the result cither to the proprietors or the consumers of 
the water. The recognition of the differences between 
the discharges of large and small outlets was very early 
made in Lombardy. In the module of Cremona, invented 
in 1561, no single outlet was allowed to bo more than 
15.72 inches high, and 38.12 inches broad — equal to 
about 12 or 13 once magistrale. In the Milanese, single 
outlets have been restricted for nearly three centuries and 
a half to dischai'gcs of from 9 to 12 once. In Piedmont 
they have been more careful, and have there limited 
single outlets to 6 once, which, by general consent, seems 
to be the most approved size for diminishing to the ut- 
most the eiTor due to the inequality of discharges from 
large and small openings. For practical purposes, there- 
fore, and taking the mean of the various estimates of the 
value of the oncia maghtrede just adverted to, I think it 
may safely be considered as equal to very nearly IJ- cubic 
foot per second. The following short extract from Bru- 
nacci, {Mem. sidla Dispensn delle Acque, p 140,) show- 
ing the conclusions at which he had airived after a minute 
discussion of the various methods in use for measuring 
water throughout Itsdy, will close appropriately this 
section : — 

“ On the grounds previously detailed, we are of opinion, 

“ 1st, That of all the methods in use tliroughout Italy 
for the measurement of water, the method of the Milanese 
is the most convenient. 

“ 2d, That, in addition to reducing the local t6 metrical 
measures, the other precautions to be adopted in perfecting 
its operation are as follow : — 
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“ First, To establish by cai'cful obsciTation, wath an hy- 
drometer, the variations of the height of water in the 
canal of supply, and to mark on a scale the respective 
positions of the sluice-gate required to neutralise such 
variations in the interior of the modulo. 

“ Second, To enjoin the guardians to bo most careful in 
fixing the gate at the special point prescribed for each 
variation, so that the battente or pressure may be constant. 

“ Third, To make no outlet greater than eight times the 
unit of measure ; and when a discharge greater than this 
is necessary, to obtain it by tlic construction of two or 
more outlets in tlie same edifice, with the precautions for- 
merly described, so that each outlet shall be quite inde- 
pendent of the other, and have all the essential conditions 
of constancy, just as though it stood by itself. 

“Fourth, Finally, to substitute for each oncia the 
braccio of Milan, in the dimensions of the apparatus, one- 
half a decimetre (or 1.96 English inches.)” 

The following table shows approximately the volumes 
of the principal water-measures refeiTcd to in the preced- 
ing sections, and may be useful for reference ; — 


Table showing tlie Volum&s in Cubic Feet per siicond of tho 
following Watbu-Measubes of Lombabwy. 


Volume ill cubic 
feet per Eecond. 

i 

Rntio of each to 
the oncia J^lilaiiese 
118 unity. 

1. OucLa Milanese, 

1.50 

L 

2. Oncia Lodigiana, 

0.77 

0.513 

3. Oncia Crcmoncsc^ .... 

0.7175 

0.478 

4. Quadretto Veronese, . . . 

1 5.0890 

3.392 

5. Quadretto Mantovaim, . . . 

1 11.0005 

7.333 



SECTION IV. 


ON THE INTBODUCTION OF A UNIT OF MEASURE AND MEASUBINO 

APPARATUS INTO THE lUBIGATION SYSTEM OF NOETHEBN JNUIA. 

I have already had occasion to remark that I do not 
(jonsidcr the information wo are at present in possession 
of sufTiciciit to M’arraut the expression of anj'^ dogmatic 
views, either a.s to the host unit of measure, or the best 
form of measuring apparatus to be intioduccd into our 
Indian irrigation system. That both points, however, 
deserve the most serious considoratio]), is not likely to bo 
questioned ; and more in the hope that my remarks may 
lead to a practical investigation of them, and be in some 
degree suggestive as to the points this ought to embrace, 
than as claiming to be at all decisive regarding them, I 
propose now referring briefly to these subjects. 

The metliods at present in use for issuing water from 
the canals of Northern India are the following : — 

1st, By single outlets of masonry, made directly in the 
banks of the canal. In the establishment of these, the sole 
precaution observed is to limit the sectional area : there is 
no provision whatever regarding the pressure, the level of 
the sill of the outlet with reference to the canal-bed, nor 
are any other arrangements whatsoever made to insure con- 
stancy of discharge. The outlets ai'c rectangular, and from 
15 to 20 feet in length, so that they are in fact tubes of 
masonry, and no attempts that I am aware of have ever 
been made to determine, by actual experiments, the 
volumes of water passing through them. 
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2d, By reservoir outlets — i. e., simple outlets of largo 
dimensions, terminating outside the canal-bank in reser- 
voirs, in the sides of which several smaller outlets arc 
established for tlie irrigation of separate estates. In these, 
new elements of disturbance are introduced in addition to 
those peculiar to single tubes, and they are equally devoid 
of securities for the maintenance of constant discharge. 

3d, By rough wooden funnels or tubes inserted into the 
banks of the canal, having fixed heights and breadths, 
but otherwise altogether unregulated. This is a very 
miserable arrangement, and its evils have shown them- 
selves so clearly that every eftbrt is being made to remove 
all such funnels from the banks of main lines of canal, 
and to substitute for them the method of distribution next 
mentioned. • 

4th, By outlets, in a few cases of masonry, but in a 
very large majority, of wood, established not in the banks 
of the main canal, but in those of principal channels of 
distribution, locally termed rajbuhas, from two verna- 
cular words meaning chief water-courses. 

Among the provisions recommended by the Canal 
Medical Committee, to which the investigation of the 
sanitary relations of canal inigation was intrusted, is one 
for insuring on all new canals, and especially on the 
gi'and canal of the Ganges, that no irrigation outlets 
whatever should be established on the main lines, but 
that the distribution of the water should be effected by 
means of a chain of chief water-courses on each side of 
the central lines. The diagi'am at the head of the 
following page will make my meaning clearer : — 



60 


DISTRIBUTION BY CHIEF WATER-COURSES. 


rONNKCTKD CHAIN OK CHIKK IVATEII-COUKSISS. 



ABODE represents a main or central line of canal, 
such as that of the Ganges. Instead of small outlets at 
innumerable ])oints along the banks, there arc established 
at A, B, C, D, and E, distant from each other two, three, 
or more miles, according to local circumstances, heads of 
chief water-courses, with volumes of water regulated by 
special demand. The series on each bank is connected 
as shown in the diagram, so that no wastage occurs ; the 
surplus water in each line passing onwards for the benefit 
of those at lower levels. In addition to the numerous 
sanitary and administrative advantages this excellent 
system afibrds, it has a peculiar advantage in gi'eatly 
facilitating the introduction of a satisfaetoiy measurement 
system. For if the quantity of water entering each of 
the chief water-courses is carefully regulated and con- 
trolled, I believe that the minor distribution to the 
sepai’atc estates dependent upon it would be found in 
practice a matter of comparative facility. 

What would be the best unit of measure to adopt in 
this system is a point on which 1 am constrained to write 
under correction, for I feel the want of those numerical 
data by which its decision should be mainly determined. 
It appears to me, however, that a convenient, perhaps 
the most convenient, measure to adopt, would be the 
familial' one of a cubic foot per second. It would be 
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easy to calculate by existing formula) the dimensions in 
height, breadth, and pressure to be given to an outlet 
which would have this discharge ; but I confess I do not 
think any formulie we now have arc satisfactorily appli- 
cable to such canals of irrigation as we deal with in India ; 
and before the above points arc definitively adopted, I 
would recommend that experiments should be made to 
settle them on existing canals. I can see no difficulty, 
and very little expense, in caiTying into effect this sugges- 
tion, and I bold it to involve a fundamental condition to 
the establishment of a satisfactory unit. 

Supposing, however, the dimensions in height, breadth, 
and pressure, which would secure the closest possible 
approximation to the prescribed unit of one cubic foot 
per second, to have been determined, we find, from the 
statistics of irrigation in India, that this volume of water 
is sufficient for the irrigation, throughout the year, of very 
nearly 180 acres. By establishing, therefore, a decimal 
division of the unit, it would be possible to supply the 
wants of even the humblest cultivator, and a degree of 
accuracy would be introduced into our distribution system, 
of which at present it contains scarcely a trace. 

In the estimate of the work done in in-igation by a 
cubic foot of water per second given above, all kinds of 
cultivation are included. But I need scarcely say that 
the consumption of water for different crops is extremely 
variable — rice, sugar, cotton, the cereals, ifcc., require each 
their special quantity, and I advert to the point to 
remark, that we arc in great need of specific numerical 
data regarding it. When experiments are made to 
determine the dimensions proper to the unit of measure, 
means should therefore, I think, at the same time bo 
taken to ascertain the average extent of inigation it is 
capable of effecting with different crops, and on different 
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soils. Practical results of the highest value would follow 
the determination of such points — not, I may say, in rigid 
and absolute accuracy, which, from the infinite variety of 
local peculiarities, it would be impossible to attain, but 
with sufficient correctness for working purposes. I hare 
been struck by the want of really good information on 
this branch of the subject throughout Northern Italy. 
With a minutely developed system of irrigation nearly 
seven centuries old, with a vast body of engineers con- 
stantly employed in its superintendence, it is wonderful 
how little has been done to determine, by direct obseiva- 
tion and experiment, the effective work of given quantities 
of water applied to the irrigation of different agricultural 
products — some half-dozen experiments by Mari, De 
Regi, and the engineers wlio fixed the terms of the treaty 
for the use of tim waters of the Tartaro in 17G4, being 
continually repeated in all the many works I have 
searched for information on the subject ; but of well- 
arranged and detailed series of observations, I have found 
no indications. It is not that data obtained in Northern 
Italy, in latitude and with products in many respects so 
different, could be of use in guiding us in India, but I 
was not prepared to find information, on a question of so 
much interest in itself, so singularly deficient. Such 
details as are recorded will be noticed more appropriately 
hereafter. 

With the unit of measure introduced into our system, 
we shoidd be prepared to establish an efficient measuring 
apparatus. The various details given in the preceding 
sections of this chapter furnish us with useful hints. 
Regard being had to local peculiarities, both as concerns 
the condition of the canals, the native establishments 
which must be employed, and the feelings of the agricul- 
tural community, it does not seem to me desirable to 
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multiply works of regulation requiring considerable outlay 
for their construction, and nccessai’ily intrusted to parties 
in whose probity no great confidence can bo placed. It 
therefore seems to me, that a single measuring apparatus 
for each chief water-course would be sufficient. This 
should, I think, be constructed with every possible precau- 
tion, to render it as nearly connect in its action as possible. 
I would not insist on the adoption of the specific form of 
the modulo Milanese, if local experience can suggest 
modifications calculated to improve it, and to adapt it to 
local wants; but, so far as I know, the principles on which 
this form is founded arc the best yet developed. With 
modifications of dimensions to suit our own unit of water 
and linear measures, there is not a single precaution 
adopted in the Milanese system for insuring the constancy 
of discliarge which I would willingly see neglected. One 
of the main objections to this system, stated by Tadini, is 
the disturbing eflcct on the water within the apparatus 
due to its position immediately on the bank of the main 
canal, the rush of the water from which makes the main- 
tenance of a constant height of pressure on the measuring 
orifice a matter of considerable uncertainty. A special 
arrangement proposed for correcting this source of error, is 
to remove the measuring apparatus to some distance from 
the canal bank. There is another, and equally important, 
reason for doing this on canals in India. The operation 
of any measuring apparatus placed directly on the bank 
of the canal, or attached to the head of the chief water- 
course, would inevitably be affected by the deposit of fine 
sand, which invanably takes place there. This deposit, 
so far as my own observation extends, ceases to be practi- 
ccdly mischievous at a distance of about half a mile from 
the head; and for this distance, the surface level of the 
water in the channel is usually so much below that of the 
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soil as to make irrigation impracticable. The proper 
distance, however, is a point to be established by expe- 
rience in each case ; and when it is so determined, the 
position of tlm measuring apparatus can be fixed with 
reference to it. When thus removed from the main line, 
the disturbing influence on the water within the 'modulo 
would be reduced to a minimum, and tliat of tlic silt 
deposits would be eliminated altogether. Continued obser- 
vation on the part of the European executive officers 
would readily establish the ratio behveen the variations of 
level outside the apparatus, and the changes of the head 
of pressure over the measuring orifice dependent thereon ; 
and by the application to the regulating sluice of an 
arrangement analagous to the Milanese yaltello, an effi- 
cient control over the supply would be secured. The 
number of complete works for measurement being restricted 
to one for each chief watoi'-course, the keys of the yaitelli 
might, perha 2 )S, be kept by the executive officer and his 
European assistants, whereby the native establishment 
would have no power over the supply of the principal 
lines. In all ca.sc3 in which chief water-courses are 
made at the joint expense of several village communities 
or landed proprietors, I am of opinion that government 
should invariably construct, at its own cost, the head of 
supply and the measuring apparatus, so as to maintain an 
indisputable right to these works, and thereby to vest in 
the hands of its own officers the entire regulation and 
. control of the water prior to its being issued to the culti- 
vator’s. After it has been so issued, the less government 
officers interfere W'ith it the better. 

As regards village water-courses, or minor distribution 
lines from the chief water-courses, I think the measuring 
apparatus should be the simplest and most economical 
possible, consistent with fair protection to the interests of 



MEASURING APPARATUS FOR MINOR CHANNELS. 65 


the State. To allow the present wretched system to 
continue, much less to extend, seems to me impossible ; 
and in considering the arrangements to be substituted for 
it on existing, and to be introduced on new, canals, I 
am disposed to think the following would be the best, 
considering them, of course, open to correction, by the 
larger experience or better knowledge of parties on the 
spot. 

Minor channels of distribution, nnniberiug, as they will 
do, by thousands, require measurement apparatus inde- 
pendent of more than occasioind inspection and control. 
The main supply of each chief watei-course being care- 
fully regulated under the insj)ection of the govemmeut 
officers, the small channels derived from it can never 
obtain cither very much more, or very much less, than their 
prescribed volume. For them I tliercfore think that a 
small masonry-work — as no wooden constructions for the 
measurement of water ought on any account to bo tole- 
rated — consisting of the following elementary parts, would 
suffice : 1st, A head or outlet fitted M'ith a sluice for 
opening or closing ; 2d, A rectangular chamber, about 
10 or 12 feet in length, and in breadth vaiying according 
to the size of the outlet ; and 3d, A measuring orifice 
at the lower extremity of the chamber, invariably cut 
in a slab of stone from 3 to 4 inches thick, and having 
the constant lieight due to the unit of measure, and tlic 
breadth variable according to the number of units, or 
parts of a unit, it Is designed to discharge. The specific 
dimensions it would be best to employ sliould, I think, 
be subject of special inquiry, as ouglit also sundry minor 
arrangements of this simple apparatus. These I do not 
attempt to prescribe, wishing merely to indicate in general 
terms the provisions which, at the minimum of cost and 
trouble, would secure practically the interests both of the 

VOL. IT. E 
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proprietors of the water and the cultivators of the laud, 
introducing, at tlie same time, the elements of order, Avhich 
admit of progressive impi'ovejnent, into a system at present 
very chaotic. 


SECTION V. 

AIKASniKMENT OF NVATFIl IN PIEDMONT AM) LOMBARD V BY 
IJOJfARY ROTATION (ORARIO.) 

It will probably bo a long time before tlic relation be- 
tween supply aud demand for water from canals of irriga- 
tion becomes such in India as to lead to the introduction 
of all those minutiaj of distribution which have gi'own up 
in Italy during the seven centuries that have passed away 
since the modern system of ii'rigation originated there. 
But looking to the avidity with which Avater is employed 
under a tropical sun, to its absolute necessity for agricid- 
tural purposes, and to the fact that the demand must, in 
course of time, become inevitably so gi’cat as to require 
the most minute economising of the supply, I have no 
doubt that the plan of distribution by horary rotation will 
ultimately become as prominent a feature in Indian as it 
now is in Italian irrigation ; and therefore I think a 
short reference to it will not be misplaced here. 

The period of rotation, locally termed the ruota iVacqua, 
necessarily varies according to the nature of the cultivation 
— ^rice, for example, requiring a more rapid rotation than 
meadow land ; and so on. 

The rotation, as a general rule, however, ranges between 
seven aud sixteen days, rai'ely, except in the case of rice 
cultivation, falling below the former, or passing beyond 
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the latter period. The consumers of the Avater receive the 
full available volume, carried by the in’igating channel, for 
such number of hours as may best be suited to the special 
wants of each, and jt is usual to enter into written agree- 
ments among themselves to regulate all points which 
might give rise to disputes. I give here an example of 
such an agreement, which affords a clear illustration of 
the system. 


Horary Distribution Table, for the Year 1851, of Ibe Water of 
the Irrigatisg Channel, X, carrying 24 cubic feet per secoiul, of 
which the period of llotation is 8 Natniwl Dai-s, or 11)2 Horn’s. 


Nniiilicr. 

‘ N a UK'S of i 

Ciiltiviitors. 1 

Xumlfftp of 
L]our.s fi»C 

f’oinnioni’OiiKMit of 
Horary 1 M.siribut iuii . 

Hour. Day. 

Termination of llornr.v 
Dialrilmtioii. 

Hour. 1 Day. 

1 

, Proprietor A ! 

li 

4 A.M. 

1 fit A ].)ril 

6 r.iM. 

]»l April 

2 

„ B 


(> I\M. 


:I0 A.M. 

' 2«l » 

3 

» 0 

•24 

10 A.M. 

2d „ 

10 A.M. 

! 

4 

„ D , 

18 

10 A.M. 

yj „ 

4 A.M. 

: 4th 

5 

. K 

2 

4 l‘.M. 

4tli 

0 A.M. 

i 4 th ,, 

■ C 

K 

25 

0 A.M. 

-IM) „ 

7 A.M. 

5th ,y 

7 


30 

7 A..M. 

5tli „ 

1 }\M. 

: Gth „ 

U 

„ H ; 

•23 

1 r.M. 

CLlv ,, 

1-2 M. 

, 7 th „ 

y 

„ I 

11) 

12 M. 

■ Till ,, 

7 A..M. 

8lii „ 

H) 

„ K : 

•21 

7 A.M. 

8th „ 

: 4 A.M. 

1 

0th „ 

j 

Total of lioiiiv : 

102 

The rotation a^'siin coinmenecs in 


the .Siimc order witli A. 


The civil code of Sardinia has provided against most of 
the causes of dispute to which such a system as this might 
give rise. Thus, in Art. G45, it is fixed that, in distri- 
butions of water by day and night, the natural day and 
night are implied ; and that, as regards the use of water on 
festival days, those festivals only which may be in existence 
when the agreement is entered into are to be tahen notice 
of. In Art. 646, it is prescribed that the time taken 
by the water to reach the channel of any cultivator or 
employer shall be included in his period, and that the 
surplus water, {coda d'acqua,) which may pass down 
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the principal canal between the period of each consumer, 
appertains to him with whom the rotation terminates. A 
third difficulty in this system of distribution is provided 
for in Art. 647, which prescribes that no consumer lias 
any right to the spring or drainage water which may 
collect in the main canal. This belongs legally to the 
original proprietor of the water, and can be disposed of 
by him as he thinks best. 

In the constant variations of wants incident to an 
extensive system of agiicultural inngation, there arc an 
infinity of cases constantly occurring, which require modi- 
fications of sucli a method of distribution as that by 
horary rotation. The subject of these variations has 
consequently occupied much of the attention of the Italian 
cngincei’s ; and in the Notes to the work of De llegi on 
the U.SO of the l^arabolic Table, * there is a great number 
of examples given in illustration of them. It is not neces- 
sary for me to dwell on these at any great length ; but as 
the system is widely dilfnscd, and of considerable' practical 
importance, it will perhaps be useful to advert to it briefly. 

It is clear, from very simple considerations, that the 
quantity of water to which any single employer of a canal, 
common to several, and regulated by horary rotation, is 
entitled, is in direct proportion to the total volume of the 
canal, and the number of hours during which he is entitled 
to pos.sess it, and in reciprocal proportion to the number 
of days over which the rotation extends. Hence, by a 
simple proportion, we have the following general formula : 

Q = -.I, where 
11 

Q is the quantity appertaining to a single consumer in 
continued discharge. 

* " MotoUo per la solnziouo delle questioni relative all' use <leUe acque, 
epecialuiente uelle irrigazione de’ foudi regelate sngli orarii.” — D e REur, p. 67 . 
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T, the orario, or number of hours or days during -which 
he has the right to the whole volume of the canal. 

N, the volume of the canal in cubic feet or once, or 
any fixed measure. 

R, the ruota, or number of days over which the rota- 
tion extends. 

I borrow a few examples from De Rcgi to show the 
practical ai>plication of the above. 

Ex. 1. An employer of a common channel has a right 
to 6 cubic feet of water per second for si.v days in a rota- 
tion of fourteen days. He wishes to change this intermit- 
tent for a continued supply, the value of which is sought. 

In this case T = e, N= «, and R = J4 ; whence, 

Q =5 ’’ = cubic feet nor sccoiiil. 

Ex. II. An employer lias the right to a continued dis- 
charge equal to 3 cubic feet per second, and he is allowed 
to make use of an outlet having a discharge of 12 cubic 
feet, with a period of four days. ^Yhat ought to be the 
duration of the rotation to give him an intermittent quan- 
tity, under these conditions, equivalent to the continued 
discharge to which he has a right ? 

From the equation q = wc have 

„ NT 12 X 4 4ft 
= 3 

Hence a discharge for four days of 12 cubic feet in a 
rotation of sixteen days, is equivalent to the continued 
discharge of 3 cubic feet. 

Ex. III. An employer having a continued discharge 
of 4 cubic feet, desires to effect an exchange with another 
who has a right to 20 cubic feet per second, for a certain 
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time in a rotation of fifteen dajs. What ought the time 
to he to make the two volumes equivalent 1 

T - == ^ 3 >< 4 ^ CO ^ 3 ^ 

JS 20 20 ^ 

Hence the periodic discharge of 20 cubic feet per second 
for three days in fifteen, is equivalent to the continued 
discharge of 4 cubic feet. 

It is sometimes desirable to be able to compare the 
rights of two or more consumers, or tlie quantities of 
■water to which they may be respectively entitled. Thus — 


Ex. IV'. An employer, A, of a certain canal has a 
right to 6 cubic feet of water for si-x days in a rotation 
of fifteen ; another employer, B, desires to have a supply 
quadruple that of A, l)ut he can only have the use of it 
for five days in a rotation of twelve. What is the quan- 
tity of water adapted to his wants t 

The ratio of -■I' to is in tliis case as 4 to 1. Hence 


I : 4 


NT 

n 


nt 


Or, 


2 . 0(1 . 

n ■■ 


Hi h 


6 X C 
15' 


12 


; 144 ; 2.0 « 


Hence the requisite quantity B should have is 23^ cubic 
feet per second for five days in a rotation of twelve. 


Ex. V. An employer who possesses 7 cubic feet of 
water for six and a half days, in a rotation of fifteen days, 
wishes to change it for another of 10 cubic feet in a rota- 
tion of fourteen days. What ought the horary or diurnal 
period to be 1 

In this case the two volumes should be equal. Hence, 


Or, t . 


Q = 9 & 
rNT 


NT _ «t 
it “ r 

. 1.247 

15x10 
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Or the period sought ought to be about four days five 
hours and six minutes. 


Ex. VI. A volume of water equal to 20 cubic feet per 
second is employed iu a rotation of twelve days. It be- 
longs to three proprietors, A, II, and C. A has the right 
to it for six days, B for four, and C for two. B and C 
introduce, at their exclusive expense, a new supply of 8 
cubic feet, mahing the total volume 20 cubic feet, and 
cliange the period of rotation to fourteen instead of twelve 
days. A having no right to any portion of the new 
supply, which is equally divisible between B and C, it is 
required to dctcrininc the time during which the first- 
mentioned proprietor, A, is entitled to enjoy the full 
supply, so that none of the parties may suiter loss. 

Hero the quantity due to A must be the same both 
before and after the introduction of the new volume. 
Hence 


‘JO X (i 

-JO- 


SS T 
14 


& T 


‘JO X i) X H 
12 X tiS 


- ii ilayy. 


Or A has the right to live days’ enjoyment of the full 
supply of 28 cubic feet in a rotation of fourteen days, 
instead of six days’ enjoyment of 20 cubic feet in a rota- 
tion of twelve days. 

As regards the right of B, since he is entitled to half the 
new volume, it is clear that his original share, increased 
by 4 CTibic feet, must be equal to the quantity sought 
under the new an’angements. lienee 


4 X 20 . , 21( T 

- y- - + 4 == y 


or 


;vj 


2 T or T ~ 5i- diiys. 


So that B has a right to Sij days of the new rotation 
of fourteen days. 

Similarly it will be found that the third proprietor, 
C, is entitled to 2^ days of the modified period. 
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In agreements for water by rotation, the element of 
l)rice constantly enters ; and it may be useful to show, 
by one or two examiilcs, how this is calculated. 

Calling I* the price of the water per cubic foot, or any 
other unit, wo have, by multiplying both sides of the 
equation formerly given — 


wherein the first term shows the value of the share of 
any proprietor in continued, and the second the same in 
periodic, discharge. Expressing the former by U, wc 
have the general expression — 

,T 

“ li 

Ex. V"II. A proprietor of a canal having a volume of 
9 cubic feet per second, has farmed it to an employer, 
under the condition that he shall have the enjoyment of 
the entire volume for four days in a rotation of twelve 
days, at the rate of £.30 per cubic foot of continued 
discharge. What sum must the employer pay 

„ PN T .30 X .0 X -1 I0»0 _ 

U= ^ 12 =- 12' 

Ex. VIII. An employer of a canal has paid .£90 for 
the enjoyment, during three consecutive days, of a 
volume of water, which is issued in a rotation of twelve 
days, and at a rate of £30 per cubic foot. What number 
of cubic feet ought he to have '( 

Since wc have n= 


Or N 


•1? ’Ll? 

s'x 20 


1080 

90 


12 cubic feet. 


Ex. IX. A cultivator pays £90 for the rent of a 
canal carrying a volume of 10 cubic feet per second for 
four consecutive days, in a rotation of fifteen days. 
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Wbat ought he to pay as the rent of 1 cubic foot of con- 
tinued discharge 1 


j 5 5^00 mo 

l iT X ■ 4 ■" 40 


^ i;33, 10 b. 


Ex. X. Tlicrc is paid for the use of 8 cubic feet of 
water per second for six consecutive days, the sum of 
£120, at the rate of £30 per cubic foot. What ought 
the rotation period to be 1 

From the equation u = “I— we have 

=12 .lays. 

When any minute subdivision of water takes place, it 
is occasionally necessary to enter into agi’ccmcnts by the 
hour, and I may now give an illustration or two of the 
methods of calculation employed in such cases : — 

Since u --^ - ^ we have, by reducing the days to 

hours, in which the first term gives the 

value of an hour in the horary period. Designating 
this by V, wo have or and hence 


By simple substitution of the diflerent values of Q, U, 
and V, a variety of questions constantly occurring in 
practice may be solved ; as, for example, 

24 T V TT 

() r.= 17= 24 TV • V = - - 

p . u -4 1 V . V 2^ 

Ex. XI. What is the value of one hour’s supply of 
water from a canal carrying 13 cubic feet per second, 
distributed in a rotation of fourteen days, the price per 
cubic foot being £30 ? 

Here n = ]3:R = i4 p = 30 

N P 13 X 30 390 

^ 24 R 2rx 14 “"336 ^ ^*’ **■ ®‘*' 
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Ex. XII. What ouglit to be the price per cubic foot 
of a volume of water consistiug of 6 cubic feet, distri- 
buted in a rotation of fourteen days, and costing £l 
per hour ? 

-JtUV 24x14x1 3:!6 

= 6- =.-g 

Ex. XIII. What ouglit to be the period of rotation 
for a cultivator who, for the use of a caual containing 10 
cubic feet per second, at the rate of £30 per cubic foot, 
pays £1 per hour I 

„ P N .lO X 10 300 

“ 21 V “ 2 ~ "ilT 

In the appendix to Do Regi’s work tlicro i.s a largo 
collection of problems, similar in character, though differ- 
ing in detail, to tho.se now given. I do not, however, sec 
any necessity for giving more, as I believe those already 
noted will sufficiently illustrate the system of distribution 
by horary rotation, and will funiish the means of apply- 
ing it in practice, should circumstances require this to be 
done on the canals of India. 



CHAPTEK 11. 


EMPLOYMENT OE WATER FOR IRRKiATION IN THE 
AGRICULTURE OB’ NORTHERN ITALY. 


SKOTION I. 
meadow jiiRi(JATr(‘N. 


The traveller in the central valley of tlic I’o is familiar 
'with those vast plains of meadow land which form the 
characteristic feature of tho agriculture of that region, 
and supply food for the cattle, on Avhich the wealtli of 
the irrigated districts is so materially dependent. 

These meadows are locsilly divided into two principal 
classes, the permanent and the temporary — meaning by 
tho latter term such as are inti’oduced into the rotation 
of crops adopted in the irrigated region. Of the perma- 
nent, there are two kinds, tho summer and the winter 
meadows — -prati inigatorii simpUce and prati marcitoni. 
The permanent summer meadow, being that w])ich is 
under irrigation from the end of Marcli to the middle of 
September, is now restricted ; and so much advantage has 
been found from introducing the temporary meadow in 
rotation with other crops, that the former is used only 
in localities not well adapted for general cultivation. The 
winter meadows are peculiar to Italian agriculture; and as 
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being so, it may be worth while to give presently some 
details regarding their formation and maintenance. 

In adapting land either for permanent or temporary 
summer meadows, the general principles to bo folloM'ed 
are few and simple. It is essential that the surface should 
be so disposed as that each part of it should receive 
readily the water from the main channel of distribution. 
In practice, this is elfocted in all possible cases, by taking 
advantage of such natural inequalities of level as admit 
of the water being delivered from culminating lines. 
Where nature is not so favourable, the soil is lowered in 
some places and raised in other’s, until the requisite con- 
dition has been obtained. Tlic extent to which this latter 
process has been carried, especially in Lombardy, is very 
remarkable. In one of the estates I saw near Milan, 
excavation in one place and raising in another were in 
progi’ess over an extensive area, ranging from 3 to as 
much as 5 feet in depth ; and I was informed by the 
proprietor that he anticipated an expenditure for this 
single operation of from £10 to £l2 per acre. This, 
however, I must add, was not an average case, and 
is referred to here simply as an illustration of the 
extent to which the system may be canied, with rea- 
sonable hope of a fair return in time on the capital 
expended. 

It is farther requisite that the water should spread 
itself in a thin uniform sheet over the surface of the land. 
This is eflected by disposing the soil in gently inclined 
planes, the dimensions of which vary exceedingly, 
according to the practice of different localities, and also 
according to the peculiarities of the soil. Where the 
land is very light and absorptive, the planes, locally 
termed (de, have a breadth sometimes as low as from 25 to 
30 feet ; while in heavy retentive soil, this dimension is in- 
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creased to eight and even ten times these numbers. Coloin- 
bani mentions,* that for summer meadows in the province 
of Lodi the breadth in the direction of the slope is 140 
metres, or nearly 460 feet, while the length in the direc- 
tion transverse to the slope is 180 metres, or 590 feet, 
which would make each of the great compartments con- 
tain an area of about 6 acres English. To each such 
compartment a main irrigating channel, of about 3 feet 
in breadth, running in a direction transverse to the slope, 
is allotted ; and in summer meadow it is not usual to have 
minor channels, unless special local circumstances render 
tliem absolutely necessary. The slope given to the surface 
of the meadow is, when practicable, two-tenths per 100 ; 
or, in English measure, about 3 inches in each 100 feet. 
It must, however, be remarked that, in travelling through 
the irrigated districts, 1 found an interminable variety of 
dimensions in every part of the system of iirigatiou ; and, 
in fact, all such details are regulated in Northern Italy 
rather by a sort of practical instinct on the part of the 
Campari, or men to whom the distribution of water is 
intrusted, than by any cstablislicd or universally re- 
ceived rules. Such specific numerical statements as I 
may give here, are therefore to be regarded merely as 
averages. 

A third provision essential to the efficiency of meadow 
irrigation is to have ready means of drainage, so as to 
prevent any stagnation of the water on the land. To 
secure tliis, a drainage channel is can-ied along the base of 
the slope of each compartment, j)arallel to the main 
irrigating channel, into which the surplus water is collected 
and carried off by some natural line of discharge, or, as 
is far more generally the case, made available for the 
irrigation of another compartment at a lower level. The 

* p. 139. 
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importance attached to these drainage or surplus waters, 
locally termed colatori, is very great throughout the whole 
of the irrigated region. I’assing over lands richly 
manured, as they universally do, they become charged with 
fertilising raattci’, and have a value often considerably 
superior to their original one. Their temperature also 
becomes higher than when issuing directly from the canals; 
and this is found to act as a powerful stimulant on the 
production of the grass. Tn subordination to the general 
topogi’aphical features of the country, the compartments 
of the meadow land.s are, wdienever practicable, made to 
slope from north to south ; the irrigating and drainage 
channels, accordingly, running from east to M'est. It is 
not, of course, always possible to carry this arrangement 
into effect ; but the advantage of having tho land to be 
irrigated inclined similarly to the canals of irrigation, is 
so manifest that it is ahvays thus disposed when it can 
be done. 

From the article on agriculture in the work entitled 
“ Milano e il Svo Te7Tiforio,’' 1 have derived the follow- 
ing details regarding the produce of permanent summer 
meadows. These meadows arc cut thrice durinw the 
season, and each cutting supplies a kind of hay distin- 
guished by a peculiar name. The first cutting in May is 
termed Maggmgo; the second in Agostano ; and 
the third about the end of August, or beginning of Sep- 
tember, Terzuolo. The gi-ass growing after the third 
cutting, which is termed Quartiroln, supplies pasturage to 
the cattle at the end of autumn. If irrigation is com- 
menced very early in spring, some lands supply four 
crops, the second being distinguished as Magghengino. 
The annual production may be calculated as follows, in 
English measures, assuming the /osoi of Milan to be equal, 
as they veiy nearly are, to 1^ cwt. each. 
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Hay from first cutting, 
Do. from second do. 
Do. from third do. 


Cwt. 


24.375 per acre. 
18.5 do. 

13.9 do. 


Total of hay i>er acre. 


56.775 


The value of the pasturage of the quartirola is about 
eight shillings per acre, and the average price of hay in 
the irrigated districts may be taken at 2s, 6d. per cwt. 
The gross value of the })roducc of an acre of permanent 
meadow in Lombardy would therefore be about £7, 8s. 
per annum. The expenses will be indicated hereafter. 

The temporaiy summer meadows, (prati a vicenda,) 
or those Avliich are introduced into the rotation of crops, 
arc arranged similarly to tlie preceding in all that regards 
iiTigation. The essential conditions in both cases arc the 
same, only in one the land remains continuously under 
gi'ass, while in the other it is so only for two or three 
years. The ordinary period of rotation is for five years, 
in the following order : — 

First year, wheat, cut about the middle of duly, grass 
seeds being sown with the wheat. 2d, .3d, and 4th, 
Meadow' under irrigation, and abundantly manured. 5th, 
Indian corn or flax. After flax, cut at the end of June, 
millet is immediately sown, and comes to maturity about 
the end of October of the same year. A sixth year is 
occasionally added to the period, when another crop of 
Indian corn is taken, and the rotation again commences 
in the same order. 

In illustration of several points connected with this 
subject, I may give here the following comparative state- 
ments of expenditure and return from irrigated and unir- 
rigated lauds in the Lumellina, which is one of the best 
irrigated districts of Piedmont. They were prepared by 
an excellent authority, a gentleman in charge of a number 
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of the canals in the provinces of Mortara and Novara, and 
are the results of actual experience on a property consist- 
ing of 3750 acres. I believe, therefore, they may be 
accepted as tolerably correct. The originals being all in 
Piedmontese measures, I have reduced them throughout 
to their equivalents in our own. 


COMVABATIVE STATEMENT of KXPV,.NSES, !\lld RETURNS from 
Irrioateo and Unirrioated Land in Piedmont. 


Ybau. 

XATrUK OK Cie.TlVATIO.V. 

Kxpkxskm. 

ItBTI.'UNS. 

First 

Isfc, Culture of one aero of good strong 



Year. 

land in the usual rolatioii of five 




years — Willmd Irt'hjalion* 1 



ludiuii 




eorii. 

Maniirhtff . — Piirtflja.se, eariiago auil i 




sjjroailing of cwt. of stahle 




inomire, ut 4 Jd. eacli, 

£2 10 0 



Tic ploughing and harrowing are executed 




ill letuni tor the grass and the gloiuiing 




of the Indian corn after the harvest. 




Other licld-work is paid fore// liic/tu/c/*, 




with onc-fourtli of the produce. 




I’rofluco in grain, dodiictiug sued and i 




tlio ]/orti«n due to tho mciayu'f 




•21.6 busbol.s, at .‘Is. dd. each. 


3 12 0 

Second 

Maiiuro, two-tliirds of the quajitity 



Year. 

used the (irst year, 

1 13 8 1 


— 

Throe ploiigl-.ings and lisui'owings, at 



Leginnes. 

Is-, 

0 12 0 



Produee in leginncs, deducting seed 




and iiortion due to the rnttayer. 




la bushels, at 3s. lid. each. 


3 10 c 

Third 

One ploughing and liarrowiiig, at Is,, 

6 4 0 


Year. 

Produce ill straw, .... 

. 

0 8 0 

— 

Do. iu grain, deducting seed and por- 



Wheat. 

tion line to the metayer, ]7.1(» 




bushels, at 5s. lOd. caidi. 

, , 

5 0 1 

Fo\irtU 

Four i)lougl lings and hari-owhigs, at 



Year. 

4s., *..... 

0 16 0 



Manure, as in the first year. 

2 10 6 


Wlicat 

Produce equal to that of the third 


■ 


year- -viz., 




Straw, 

. 

0 8 0 


Grain, 

• 

5 0 i 


Cnn’y forward, 

jC« 6 8 

^17 18 8 



RESULTS ON STRONG GOOD LAND. 81 


Ykar. 

KxTimE OK Cultivation. 

ExI'KNSKS. 

Retkuns. 


Brought foi-ward. 

X'S C 8 

£11 18 8 

Fifth 

Four ploiigliiiiga and harrowings, at 



Year. 

4a., 

0 IC 0 


— 

Produce in straw, .... 


0 8 0 

iiya. 

I'rodueo in giiihi, deducting seed and 




jiGrtioii duo to thxi 'fiictaycr, 




buahcla, at 3a. 4d., 

• 

2 17 2 



£0 2 8 

.i21 8 10 


Deduct expenses, 

• 

9 2 8 


Net returns for five years. 

. 

£12 1 2 


Annual return per acre, . 

£2 8 2 


Means of 

2(1, Culture of the same land as the 



three 

preceding, converted into an in iga- 



Years. 

ble uioadow. Tlic avoi-agcs of throe 




years are given. 



Meadow. 

A/ttaimv -150 cwt. of stable manure, 




at 44d. each, .... 

£2 16 3 



Charges for irrigation channels and 




s]>roa<ljiig inaiuire. 

0 12 G 



Wateiiiig, cutting, uiaking, and car- 




riage oi’ liay, .... 

1 7 8 



Produce of three cuttings, 72 cwt. 




of Iiay, at ‘2s. -Id. each. 

. 

•CO 8 0 


llont rocoivoil for pasturage after the 




third cutting, .... 

! 

0 8 4 


Totals, .... 

£4 16 5 

£3 IG 4 


Deduct cxiicnsos, 


4 16 5 


Net annual proilucc of one aero of 




irrigated meadow. 

• 

£3 19 11 


Comparafirc Statcmcni. 




Annual produce of one aero of irri- 




gated land, .... 

£3 19 11 



Annual produce of one acre of unim- 




gated land, .... 

2 8 2 



Excess per acre in favour of irrigation. 

£111 9 



The preceding details show results on strong good laud 
in the Lumellina. It may be interesting to give an 
example of the same kind for light and rather inferior 
soil in the same locality. 


VOL. II. 
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Ykar. 

Natiihr of Crop. 

• Expknsks. 

1 

! 

i Recbiptb. 


l,?^, Culture of an acre of light and 
sandy soil in a rotation of four 


1 

i 


years — Uni n-igated. 



Fii’fit 

Yoar. 

Manure as in No. 1, ... 

'£2 10 6 


Indian 

corn. 

Second 

liabour is paid for en nuflager^ as iii 
No. 1., with uno-fourth of the produce. 
Net produce^ deducting portion due to 
the metayer and seed, 1 6.7 bitshcls, 
at Jis. 4d. each, .... 


je2 1.6 8 

Y^oar. 

Manur e ciiual to first year, 

‘i 10 6 


Loguijioa. 

Throe plough ings and hairowiiigs, at 
^8. 4d. each, .... 

1 0 10 0 


Net produce^ 1 1 ?, bushels, at 3s. caidi, 


2 16 9 

i Third 

l^loughing and harrowing. 

0 3 4 


1 Year. 

Net produce, 


2 9 7 


Straw, ...... 


0 6 3 

Rye. 

i Fourth 

Five ploughinga and liarrowings, nt 

3s. 4 d. 

Net produce, 

0 16 8 

. 

2 9 7 

; Year. 

Straw, 

• • 

0 6 8 

1 Rye. 

Totals, . 

£4 0 6 

£11 4 11 

llcduct oxpon.se.s, . 


4 0 6 

1 

■ 

Net returns for four years, 

, , 

£7 4 5 

j 

; 

Anmin.1 return per acre, . , . ! 

'£1 16 1 

i 

1 

j 1 

' 2rf, Culture of an acre of the Fame ! 
1 land as the pi'occding, convortod , 

; into an irrigated m<;adow'. A\or- i 

j ages of three yemu j 

I Manure . — 150 cwt. of inuimre, at 4^d. j 

' each, j 

Cost of irrigated chiuiiicls and spread- ! 
ing manure, . . . , | 

Ne2 16 3 

i 

0 12 0 1 


1 

Cost of watering, cutting, making, &c., 
Produeo of three cuttings, 60 cwt. of 
liay, at 2.s. 4iL each. 

12 9 

i 

' . . i 

£7 0 0 


Roeeived for pasturage after third 
cutting, 

j 

* 

0 5 0 


Totals, . 

£i 11 0 

jC7 S 0 

! 

Deduct expenses, . 

• 

4 110 


Annual not return of one acre of 
in'igated meadow. 

. 

£2 14 0 


Comparative Statement. 

I Annual net x>i'oduco of one acre of | 
irrigated land, . . . . j 

Animal net produce of one acre of un- j 
irrigated land, . . . . | 

! 

£2 14 0 

] 16 1 

! 


1 Excess per aero in favour of irrigation, | 

io 17 11 



1 1 
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The preceding details apply to summer iiTigatioii in 
Piedmont. The following show the net rent derived from 
a farm of about 350 acres thoroughly irrigated, in the 
province of Milan : — 


Rent in money paiJ to the landlord per acre, 

. £1 

19 

6 

Minor items paid in kind, .... 

0 

1 

3 

Coram nnal (parish) charges paid by the tenant, 

0 

1 

8 

Government charges paid by tenant. 

0 

9 

4 

Proceeds of sale of wood reserved by the landlord. 

0 

1 

9 

Gross rent per acre, 

£2 

13 

6 


Deduct i)roportion of expciisespaidby the landlord aa follows : — 
Govcrarncnt and comiiiuiial charges, . . £0 11 0 

Repairs of buildings and hydraulic works, . 0 2 9 

Expense of adininistratiou, inspections by en- 
gineers, &c., . . . . . 0 2 0 

0 15 9 

Net rent per acre, £1 17 9 


: Such land as is referred to in these details, sells for 
from £40 to £45 per acre ; so that the interest on capital 
thus invested does not much exceed 4 per cent. The gross 
returns from irrigated meadow land in the Milanese have 
formerly been estimated at £7, 8s. per acre ; and if these 
data are to be depended upon, it would appear that the 
rent is just one-fourth of the total amount of these returns. 

As regards the quantity of water to be given to mea- 
dow land, there is great variety of opinion, as might be 
expected in a matter dependent on so many variable 
elements. There are three ways in which this quantity 
is estimated : Ist, By the volume of water in contiimed 
discharge required to irrigate a given area of laud ; 2d, 
By the total depth of water .spread over the soil, cither at 
each watering, or during the whole season of irrigation ; 
3d, By the total cubic contents of the mass of water 
employed. 

According to an experiment of De Regi, the details of 
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which I reduce to English measures, the continued dis- 
charge of 1 cubic foot per second is sufficient for the 
irrigation, in twenty-four hours, of 4 acres. Hence, as the 
total volume discharged dui-ing that time amounts to 
86,400 cubic feet, and the area watered to 174,240 
square feet, it appears that a stratum of water, equal to 
nearly 6 inches in depth, was in this case spread over 
the sm'face of the meadow. And as the general period 
of rotation may be talccu at fourteen days, it would thence 
appear that a continued discharge of 1 cubic foot per 
second would suffice for the imgation of (12 x 4) 48 acres 
of meadow land, there being precisely twelve periods of 
fourteen days each in the season of summer irrigation. 
The above estimate, however, implies that the whole water 
is absorbed by the soil, which, in point of fact, is never 
the case. Lombard engineers calculate tlio absorption in 
each watering as ranging from one-half to one-third of 
the total quantity of Avater employed. Hence, supposing 
it to be the larger of these proportions, it appctirs that 
after the irrigation of 48 acres had been effected, half a 
cubic foot would be available, as what is locally termed 
colatori, for farther employment, and similarly in succes- 
sive scries till the entire quantity was exliansted. Effec- 
tively, the irrigating power of any given quantity of water 
employed in mcadoAV irrigation, is held by practical men 
to bo equal to twice the ai'ca w'atcrcd on the firat appli- 
cation. According to De Regi’s experiments, therefore, 
1 cubic foot of water, perfectly economised, would bo 
sufficient for the imgation of 96 acres of permanent or 
temporary meadows. 

In the article on the agriculture of iiTigated Lombardy, 
formerly quoted, it is stated that (reducing the numbers 
to English equivalents) 1 cubic foot of water is sufficient 
for the irrigation, in the ordinary period of rotation, of 38 
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acres only ; or, if account be taken of the surplus waters, of 
twice this quantity — being 76 acres in all. 

It is usual, in grants of water made at the present day 
throughout the provinces of Verona and Mantua, to ad- 
here to the data established by the treaty of 1764, be- 
tween the V'^enetians and the Austrians, for regulating the 
distribution of the waters of these districts. The period 
of rotation hcr’O is stated to bo seven days ; and accord- 
ing to one scries of experiments, a cubic foot per second 
would be suflicient for the irrigation of 3-^ acres in 24 
hours, or for 22^ in periods of seven days ; while by another 
series, under more fortunate circumstances, these numbers 
arc just doubled. Hence, in this instance, it would appear 
that, taking an average, and supposing the entire surplus 
waters economised, the effective iiTigating power of a cubic 
ibot per second would be very nearly 68 acres, and pro- 
portionally more as the period of rotation- was extended. 

Fina%, Tadini mentions, as the result of numerous 
c.xpcrimcuts made by him on the inigation of meadows, 
that a mass of water equal to 35,000 cubic feet is sufli- 
cient for an area of 107,100 square feet, being a stratum 
of about 3|- inches at each W'tateriug, which would give an 
effective power to the cubic foot equal to that established 
by De Rcgi, or about 96 acres. 

It may, therefore, I think, bo safely concluded, that a 
stratum of water about 4 inches deep, leaving half the 
quantity in the soil, and the other half available for fartlicr 
use, would be abundant in all cases ; and if provision to 
this extent be made, the differences due to variety of soil 
and other circumstances would be sufficiently provided for. 

In conclusion, I may note that, after summing up the 
results of experience in France and Italy, M. do Buffon 
comes to the conclusion that the irrigation of an acre of 
meadow requires, under average circumstances, the con- 
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tinned discharge of 1 8^ cubic inches of watei*, which gives 
an effective power per cubic foot per second of 93 acres ; 
and this I believe to be a very close approximation to the 
truth, as the following summary shows : — 


De Ilogi's estimate, 

96 acres per cubic foot per second. 

Milanese do. ... 

78 

>* 

>» 

Veronese and li^lautuan, do. 

68 

» 


Tadini’s do 

.06 

» 

ft 

Buffou*8 do 

.0.3 


>» 


SECTION II. 

•WAHCITE Ott WIXTEU IMBIOATION. 

VicAved in reference to its superficial area, the winter 
irrigation of Italy is extremely limited, not exceeding in 
Lombardy and Piedmont from 12 to 1.5,000 acres. The 
great mass of the water consumed there is spread over 
the land between the middle of March and the beginning 
of September ; for the remainder of the year it does no 
more than maintain the above-mentioned limited extent 
of winter meadow. In this point of view the contrast 
between the irrigation systems of Italy and India is 
striking. The winter harvest of the latter, or that sown 
about October or November, and reaped in April or May, 
is, as respects irrigation, by far the most important. While 
the Italian cultivator rarely has occasion to irrigate any 
of tlie corn-crops except the maize, these products would 
in India be inferior equally in quality and quantity 
without the use of water; and hence it is that during the 
entire year irrigation is in demand. The periodic rains 
modify to some extent, and even occasionally supersede, 
the necessity for water during the latter summer months, 
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or from July to September; but as rice and sugar-cane 
must always be irrigated, the water cannot be considered 
idle even within these limits. It thence arises that the 
average area of irrigation in India is considerably in ex- 
cess of that in Italy. We have seen, at the close of the 
preceding section, that about 90 acres is the average extent 
of ordinary irrigation by 1 cubic foot per second in the 
latter country. In India, the statistics of the canals there 
show that the same quantity of water, being employed 
during the whole year, docs, so to speak, just twice the 
work, the area irrigated by a continued discliarge of one 
foot being equal to 180 acres. We have no data by 
which we can reduce this quantity, so as to show the ele- 
ments of which it is composed. It is merely a general 
average obtained by dividing the total area watered by 
the volumes of the canals employed. There is, however, 
no species of cultivation in India or elsewhere, that 1 am 
aware of, similar to the mar die of x^orthern Italy, the 
quantity of water I'equired for which is enormous, and the 
details of the cultivation altogether peculiar. I propose, 
therefore, giving in this section some details illustrative of 
this remarkable species of culture, for which 1 am indebted 
chiefly to a work by Signor Dominico Berra, entitled I)ei 
Pr(di del Bas^so Milanese delti a Marcita, published at 
Milan in 1822. In my traA^els through the irrigated dis- 
tricts, I was constantly referred to this book as containing 
the best account of the winter meadows yet extant. 

The right to water for winter irrigation commences on 
the 8th of September, and terminates on the 25th of 
March. It is essential to the establishment of a winter 
meadow, a mardta, that entire command over the water 
should be held by the proprietor ; for intermittent irriga- 
tion is not adapted to this species of culture. Continuous 
irrigation, suspended only for the time required to cut the 
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grass, is the first requisite for entire success. The water 
thus employed is derived either from the ordinary canals 
of irrigation, from springs, from the smaller streams, or 
lastly, from the surplus or drainage of other iri'igatcd 
lands at higher levels. Of these sources of supply, the 
springs and the drainage waters are the best. It is 
essential to the success of a winter meadow, that the 
water employed should have as high a temperature as 
possible. Hence it is that the springs, being always 
warmer in winter than water freely exposed to the influ- 
ence of tlic atmosphere, are preferred to any other means 
of irrigation during this season. In illustration of this 
point. Signor Bcn’a mentions that, on the 14th February, 
of the year in which his work was published, (1822,) the 
thermometer of Iteaumur indicated, at six in the morning, 
an atmospheric tcmiicraturc of — 1°..'5. On immersing the 
instrument in the tube (tinello) at the spring-head, it at 
once rose to + 10..'), showing a difference of 12“ of Reau- 
mur, or 27° of Fahrenheit, between the temperature of the 
spring and that of the external atmosphere. As the 
Avater passes to a distance from the spring, it of course 
parts with this excess of temperature ; and hence it is 
invariably to bo obsen'^cd that the finest meadows are 
those nearest to the fountain-head. The water from the 
ordinary canals being generally about the same tempera- 
ture as the iiir, docs not produce the same stimulating 
eifects on the marcite, with exception, however, to that 
which is collected in the Naviglio Intemo of Milan, and 
the V ecchabbia. The Avater in these lines, passing through 
the subterranean channels of the town, and charged with 
an abundance of fermenting matter, is found not only to 
retain a higher temperature, but farther to stimulate the 
productive power of the meadows, by deposits so rich as 
to o.\cel cveiy other species of manure. So abundant are 
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these deposits, that the surface of the fields becomes 
speedily elevated by them, aud it is uccessary, at iutcnrals 
of two or three yeai's, to lower the levels so as to insure 
easy irrigation. The material thus removed is gi’eedily 
sought by cultivators in the vicinity as a most powerful 
and valuable manure. The supplies from canals present 
one material advantage over those from springs, in being 
practically invariable. As no marcite can possibly sur- 
vive the want of water for even very short periods, the 
intermittent nature of the supplies from springs, which 
vary much with the variations of the weather, cause con- 
siderable uncertainty ; and hence the canals, as being 
constant in this respect, are, in spite of their low tem- 
perature, in request with the cultivators. 

The w'orst water of all for the use of winter meadows 
is that derived directly from such rivers as the Olona, 
Lambro, &c. ; for not only is the temperature low, and the 
supply uncertain, but the deposits brought down after tlic 
rain arc most injurious to the meadow produce, and to the 
cattle fed upon it. 

The quality of the drainage-waters from other farms, 
as applied to marcite, depends upon the source whence 
they have originally been derived, and the nature of the 
soil, or the species of cultivation, over which they may 
have previously passed^. The surplus waters of a well- 
tilled and richly manured farm arc more valuable than 
in their original condition, for they are charged with fer- 
tilising matter. It has hence become a rule in the esta- 
blishment of a series of winter meadows at diflereut levels, 
which are to be ii'rigated fi'om the same source, to manure 
most richly those near the head of the supply, whether 
spring or canal, and to make the water itself the medium 
of conveying the manure to the others below. The pre- 
sence of this manure is supposed to raise in some degree the 
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temperature of the water, a point always much insisted on 
by Lombard and Piedmontese agriculturists, who hold that, 
in proportion as the heat of the water becomes greater, so 
much better is it adapted for the kind of cultivation now 
under notice. The order of succession in quality of waters 
for marcite may therefore be stated thus — 

Ist, Sewerage canals, like the Vecchiabbia. 2d, Fon- 
tanili, or springs. 3d, Ordinary canals of irrigation. 
4th, Golalure, or drainage-waters. .5tli, Rivers, like the 
Olona, Lambro, &c. 

The following are the details given by Signor Berra for 
the preparation of the land of winter meadows, as derived 
both from the practice of the most experienced Lombard 
farmers, and from experiments made on his own property. 

Having cleared the land of weeds and roots of all kinds, 
it is ploughed and manured carefully in April, and Indian 
corn is then sown, as being the crop with which it is held 
to be best to prepare for the marcite, requiring, as it does, 
repeated weeding and clearance of the soil. The crop 
being reaped in October, the roots arc carefully removed, 
the land ploughed and haiTowed, and its surface smoothed 
as much as possible. In this state it is left until the 
beginning of January, when the works necessary for 
irrigation arc commenced. It is of importance to the 
economy of these operations that they should be executed 
in winter, as labour is then more abundant and cheaper 
than at any other period of the year. 

The assistance of the camparo, or the man charged 
with the distribution of the water, becomes necessary at 
this stage. Long experience and traditional rules have 
made this class of men very expert in all details of the 
minor works of irrigation. Most frequently they are 
guided in their levelling operations solely by the eye, and 
their instrumental apparatus consists of only a few pickets 
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of different lengths, and a line. With the assistance of 
these, the first step the camparo takes, is to mark out, on 
the highest level of the field, the direction and breadth of 
the principal in'igating channel, locallj termed the roggia 
adacquatrice. The dimensions of this channel necessarily 
vary with the quantity of water available for distribution ; 
but care should bo taken to restrict them as much as pos- 
sible, it being cause of complaint that such channels are 
almost invariably made too large, and a serious amount of 
good land is thereby lost. When the position of the 
main channel has been fixed, the field is then divided into 
a series of rectangular compartments, termed plane or ale, 
between each two of which, and at right angles to the 
main channel, there is established a minor irrigating 
channel, or roggetta. The breadth of each plane, in a 
well-constructed winter meadow, is never more than from 
25 to 30 feet : the length is more variable, and depends 
on the quantity of water at command. It is usually, 
however, about eight or ten times the breadth. The 
planes slope from the minor channel on each side at the 
rate of .03 in 1 ; or when the breadth is 30 feet, the slope 
would be very nearly 12 inches. With this slope, the 
water passing from the main to the minor channels, is dis- 
charged from the latter in the form of a thin and ever- 
moving veil, which, flowing over the surface of the planes 
with just sufficient velocity to prevent congelation, sup- 
plies the gi'ass with continual stimulus. In addition to 
the minor irrigating channels on the crests formed by each 
two planes, there are minor drainage channels established 
in the little valleys between the same, called scolatori, all 
of which discharge themselves into a main drainage 
channel carried along the lowest level of the meadow, 
called the scolcUore maestre. The following diagram will 
illustrate the general arrangements for irrigation and 
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drainage. There are varieties of dispositions adopted in 
practice, according to local peculiarities of level, &c.; and 
of these I propose to give some illustrations in the Vlatcs; 
but at present I restrict myself to a single general example. 


AmiANGEMKNT OV A MAROITE FIELD, 
FUu. 

AD.VQUATBICE, OU iUlS IRniGATISO CHASEEL, 



feECTION ON a I, 



W '^■Feet 


A B, main irrigating channel. 

C D, main drainage channcL 

E F, minor irrigating channels, generally 12 inches 
wide, and 6 or 7 deep. 

G H, minor drainage channels, about half the above 
dimensions. 
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Planes, from 25 to 30 feet in breadth, with a height 
at the crest of 12 inches. 

The earth from the irrigating and drainage channels 
is spread over the planes with singulai- dexterity, so as to 
give them the requisite slope ; . and when these arrange- 
ments for irrigation arc completed, another ploughing and 
han’owing are given, and the land is then left untouched 
until the end of February, or beginning of March, when 
it is once more ploughed, harrowed, and carefully cleaned 
of all weeds which may have shown themselves. 

When it is necessary to level the field, a machine, called 
a rag(jia, being simply a large scoop drawn by two oxen 
or horses, is employed. It is managed after the fashion 
of a plough, and cuts off layer after layer of the more 
elevated parts of the laud, the earth being then trans- 
ported to those at a lower level, and deposited there. 
If levelling operations liavc been necessary, a fourth 
ploughing and harrowing are given after their completion, 
so as to prepare the soil for the seed. In April, oats arc 
sown, with about 4^ bushels to the acre. After harrowing, 
clover and the Lolium pereme'"’ arc sown in the propor- 
tions of one-fourth of a bushel of the former, and one 
bushel of the latter, per acre. The ground is then rolled 
with a heavy stone or wooden roller, so as to be perfectly 
levelled. Care must be taken, however, to do this only 
when the land is thoroughly dry, as otherwise the seed 
adheres to the roller, making it necessary to sow a second 
time in autumn. 

The construction of the small drainage channels is 
usually deferred until the sowing has been completed ; 
and they are then made with ease, as their breadth does 
not exceed 9, and their depth 6 inches. It is usual to leave 
spaces at both ends of the meadow sufficiently large for 

* Italian rj'c-gniss. 
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carts to pass. These are indicated in the diagram by dotted 
lines ; and the irrigation and drainage waters are carried 
across them by small wooden funnels. Irrigation is given 
to the new meadow in June, July, and August ; and on 
first admitting the water, great attention is paid to remov- 
ing all obstacles to its free circulation over the surface. 

In illustration of the e.xpense of forming winter mea- 
dows, the following details are given : — 

The superficial area was 5 acres — the land had been pre- 
viously under crop — was moderately level, and easy tawork. 


15Ui Nov. — 1st Ploughing, 

. £l 12 

6 

25tli Jfui. — 2(1 do., .... 

112 

6 

Harrowing, .... 

0 5 

0 

4th March— 3d t'loughiiig, 

1 12 

6 

Harrowing, .... 

0 5 

0 

2d April — Excavation of minor irrigating channela, 

3 16 

6 

Levelling the planes, 

2 12 

6 

riwncr, .... 

0 4 

6 

Use of the raygla, or earth’scoop, . 

0 8 

G 

Eiuul ploughing, 

1 12 

6 

Do. havrowing, 

0 5 

0 

Spreading manure, . 

0 4 

6 

Sowing, .... 

0 4 

6 

Rolling, .... 

, 0 4 

0 

Main channels of irrigatioii and drainage, 

1 17 

C 

Total expense for 5 acres, . 

£16 17 

6 


The outlay in this instance was therefore £3, 7s. 6d. 
per acre ; but the example is certainly below the ave- 
rage ; for, as will be seen by reference to the details, the 
levelling operations w'ere extremely trifling. While there 
are extreme cases which rise far above it, I believe that 
an average of about £6 per acre will very fairly represent 
the ordinary cost of forming a winter meadow. 

As land under marcite may be said to be in a constant 
state of production, it is of necessity very richly manured. 
The materials required are supplied in abundance by 
those vast dairies which are maintained throughout the 
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whole of the irrigated districts of Northern Italy ; and I 
may give here a condensed abstract of the observations of 
Signor Berra on this branch of the subject. Foremost 
among the manures for marcite, he places the refuse of 
those large pig-sties which are attached to every farm, and 
in which the otherwise useless products of the dairy are 
consumed. So important is this manure considered, that 
farmers who do not themselves manufacture cheese or 
butter, always make it a condition with the parties to 
whom they dispose of the produce of their cows, that a 
certain number of pigs shall be maintained on the farm. 
It is usually calculated that three pigs supply, in the 
course of the year, manure sufficient for one acre of 
marcite. The manure is given in the liquid form, and is 
distributed awkwardly enough from casks on low carts 
which traverse the field. The arrangements for storing 
tho manure arc very inefficient, as it is exposed in open 
tanks, and great wastage is incurred. Sometimes, though 
but rarely, it is kept in covered masonry cisterns. It 
may bo applied at any season of the year, care only being 
taken to give it immediately after cutting, as it injures the 
grown grass. 

The stable manure, both solid and liquid, is usually 
mixed with earth before being applied to the field. In a 
comer of each marcite meadow is to be seen an oblong 
mass, which is formed of the clearances of the irrigating 
and drainage channels, the fresh earth removed from the 
surface of the land, and the manure from the horses and 
cows in the stables. These are all formed into a compost, 
which is applied to the marcite in the proportion of about 
250 cwt. per acre during the year. Linseed oil-cake 
reduced to powder, and mixed with lime in the proportion 
of seven of the former to one of the latter material, is a 
very common manure for winter meadows. About 15 
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cwt. of this compost is considered sufficient for an acre, 
and the mixture of its eonstituents should bo made at 
least ten days before it is applied to the land. When so 
applied in autumn, some time should be allowed to elapse 
before water is admitted. In the vieinity of Milan, the 
refuse of soap-works, and like manufactories, is largely 
employed as a manure, and is highly valued by the eulti- 
vators in this local it}', the effect being great, owing to the 
salts of soda and potash which it contains. One of the 
richest manures available is the matter which collects 
within the irrigating and drainage channels themselves, 
more especially in tJic vicinity of largo towns, Avhcrc the 
sewerage waters arc made use of. 1 have already men- 
tioned, tliat at Milan this is greedily sought, and it is 
found to stimulate exceedingly the productive power of 
tlto soil. The value of this material opcriites prejudicially 
in one respect, by leading to an excessive enlargement of 
the channels after caeh clearance. It is calcidated that, 
in the i)roviucc of Lodi, nearly one acre in every hundred 
of the irngablc land is thus I'cudcred useless, which in a 
great area becomes a matter of serious consideration, 
amounting as it does in this single province to more than 
1500 acres. 

The quantity of water required for marcite is enormous. 
From the statistics given in Fart II., it appears that one 
cubic foot of water per second is sufficient for the ixriga- 
tioa of about 3.J acres only. On this point I was favoured 
with a memorandum by Signor Brioschi, a Milanese 
engineer of high reputation, of which I give a translation 
here, reducing the local to English measures. 

“ While it is impossible,” M. Brioschi remarks, “ to 
establish marcite without having a great deal more water 
than is necessary for the imgation of the land, it is some- 
what difficult to determine the precise quantity, as this 



M. BRIOSCHl’s BSTIMATE. 


97 


must vary with local circumstances. However, I will 
assume that the area of a winter meadow is 7 acres. 
The quantity of water which I conceive to be necessary 
for the perfect irrigation of this surface is 6 cubic feet per 
second, of w-hich 4 1 become available for further use in 
the form of cokdori, or surplus waters. The estimate 
therefore woidd stand thus : — 

('iibu.* feet 
jitr sei-uud. 

Urigiiial irrigation of 7 itcrcs, . . . . t> 

Surplus after irrigation, . . . . • 4.^ 

Quail tit jMjf water absorbed, . . . 1« 

“ The quantity actually consumed by an acre of mar- 
aitv amounts, accordingly, to -- 0.2 of a cubic foot 
nearly, and the total quantity of G cubic feet, if thoroughly 
economised, would be sufficient, in actual practice, for the 
irrigation of from 15 to 18 acres, being from 2| to 3 
acres per cubic foot.” This result corresponds very 
nearly with that shoM'ii in the general statistics of winter 
irrigation formerly referred to. The average charge for 
1 cubic foot of continued discharge during the winter 
months is very nearly .£3. Hence the expemse of water 
in moTcitG may bo estimated at about 20s. per acre, 
under average circumstances. 

Colombani^'‘‘ states that, in localities where the surplus 
waters are lost, it requires very nearly 1 cubic foot of 
Avatcr in continued discharge for each acre of marcUe — 
an estimate which confirins that of Brioschi. It thence 
appears, that over this area there passes in twenty-four 
hours the enormous mass of 86,400 cubic feet, or nearly 
390 tons, or 14,400 gallons of water ! 

As regards the produce of marcite, the following parti- 
culars may be interesting. They are given as the results of 

* y</rodtV(atn9ca, p, 1 
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careful measurements and observations, made personally 
by Signor Boi'ra on his own property, and with land of 
average quality, but possessing no special advantages, 
such as vicinity to large cities, or command of sewerage 
waters. The yield per acre is given as follows : — 


(Jwt. 

1st, Cutting in February, 84 

*2d, From March to April, 1-6 

3d, From April 1o May, 131.25 

411), From May to begin uiiig of July, . . . 73.5 

5H\, From July to inuldlc of Scj>tciJil.>er, . - G3 


Total j»er acre during the year, .... 477.75 


or very nearly 24 tons of grass. The marcite meadows 
in the vicinity of Milan, however, give fully twice this 
quantity, being cut in November, January, March, and 
April, for stable-feedings; and in June, July, and August, 
they furnish three crops of hay, while in September they 
afford an abundant pasturage to the cattle. They thus 
given seven crops during the year, and the ordinary yield 
per acre is estimated at from 45 to 50 tons, wdth half as 
inncli more in remarkable instances. 

Of the ordinary marcite meadows it is considered that 
35 acres supply grass and hay sufficient for the mainteu- 
auoc during the year of 50 cows stall-fed, except in Sep- 
tember and October, when they ai’c turned out for pasture. 
20 aci’es are sufficient for the supply of grass during seven 
months, and 15 more funiish the hay required during the 
three winter months. To give an idea of the money- 
retunis, we assume that the proprietor of fifty cows has 
20 acres under marcite, the expenses and returns con- 
nected with which are as follows : — 
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EXPENSES. 

rreparation of the land, repairs of irrigation channels, &c., 
for 20 acres, . . . . . .£630 

Manure, 25.0 cwt. jicr aero, . . . . 63 .5 7 

Labour in spreading and carrying do., . . . 2 7 0 

Jjabour iii cutting during Hoven months, carriage of 
grass^ &c., . , . . . . 10 13 0 


RETURNS. 


£01 9 10 


Food for .50 cattle in February, for fifteen days, 
at 3d. per bead, (being the price paid liy 
proprietors of cattle, not fanners,) . £0 7 6 

Do. fr<im Miu'ch to middle of September, for 
105 days, at 6d. per li end, . . . 243 15 0 

I’asturago at Ss. Od. jicr acre, . . 8 15 0 

Value of manure, . . . 52 12 o 


£314 0 6 

Deduct expon.scs, . .01 .0 10 

Total for 20 acres, . . £222 10 8 

Or £11, 2s. 6d. per acre. 

The pi’oprictor of the land has been supposed in these 
estimates to be also the proprietor of tlic Avater ; but should 
be not be so, the net returns Avould be decreased by 20s. 
per acre as the juice of iiTigation. 

The produce of the plantations invariably surrounding 
irrigated lands is valued at £1, 6s. per aci'c annually. 
Hence the cntii'c rctunis would amoTint, in case of the 
water belonging to the proprietor, to .€12, 8.s. Gd., and 
otherwise to £ll, Ss. 6d. per acre. It is usually calcu- 
lated that the net returns are divided equally between 
the landlord and the tenant. The rent from such land 
as the above would therefore bo from to .£6 per acre. 

When cattle are not fed on the farm, but tlic jjroduce 
is disposed of either as grass or made into hay, the not 
returns range from £7 to £8, 10s. per acre. 

In the vicinity of Milan the returns are very much 
higher, not merely because of the greater produce, bnt of 
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tlic better prices the demand of the city insures. It is 
not unusual to lind the mar die here yielding a rent equal 
to the highest net returns elsewhere, the tenants paying 
from £10 to £12 per acre, and occasionally, under circum- 
stances peculiarly advantageous, even double these sums. 

These details regarding a cultivation so peculiar as that 
of marcite meadows, will not, 1 trust, bo altogether unin- 
teresting. Owing to the immense consumption of water 
it requires, it can be employed profitably only in countries 
where there is no demand for inigation of any other hind 
during the winter months. This, as I have already shown, 
is far from being the case in India ; but as there may be 
special circumstances which might admit of the system 
being employed — as perhaps in the valleys of mountain 
streams, or in localities where water is now running to 
waste, as in mill-streams, &c. — I have thought I might 
with propriety enter into the particulars Jiow given. 


SECTION III, 


laCE-CDL’t'lVATION IN TIIK lltKIGATED DISTltlCTS. 

As an important and familiar element of the Irrigation 
System of India, the cultivation of rice naturally inte- 
rested me ; and while in Northern Italy, I endeavoured 
to collect such information regarding it as seemed likely 
to be useful. This I propose to give in the present 
section. 

The rice-cultivation of Piedmo«it and Lombardy is 
divided into two classes — permanent (locally termed 
rimje da mppa, from the use of the spade in its tillage) 
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and temporary, {rhaje (h, viemda,) which forms a part 
of the rotation of crops in the irrigated districts. 

The permanent ricc-cnltivation is restricted exclusively 
to low marahy localities, nnsuited for any other culture. 
It abounds in the swampy districts of Mantua and 
Verona ; and though inferior in quantity and quality of 
produce to tlic other kind, it is still of great value, as 
being the only crop u'hich soils so wet arc capable of 
aftbrding. When rice is introduced into the rotation, 
this extends over nine years, generally in the following 
order ; — 1st year, wheat, with grass seeds ; 2d, 3d, 4th, 
meadows ; .Oth, Gth, and 7th, rice ; 8th and 0th, Indian 
corn, or other ci'ops, varying from year to year. 

•A clayey impervious soil, with a small proportion of 
sand near the surface, is found to be the best for rice. 
A.S the plant passes its existence in water, the details of 
the culture arc directed to securing this condition. The 
moans employed arc much the .same in Italy as in India. 
The surface of rice-land is made, as nearly as ])ossiblc, 
horizontal ; and where variations of level occur, a series of 
terraces is formed, each of which is carefully levelled. 
Compartments arc then marked out, of which the dimen- 
sions arc extremely variable, and each is surrounded by 
earthen walls or banks, about 2 feet high. Connection 
is established between the compartments at high and low 
levels, so that the water entering the first passes on to 
the others, and thus maintains a very gentle movement, 
which keeps the supply always fresh. It is an open 
question among Italian miltivators as to whether large or 
small compartments are best. With equal heights of 
water in each, many think superficial area a point of 
little practical importance ; but in the best rice-provinces, 
as in Novara and Mortara in Piedmont, and in the 
Milanese, a preference is given to the system of small 
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divisions, containing each from 3 to 6 acres. Within 
such limits there is much greater facility in managing the 
irrigation, which is frequently, and especially when the 
crop is tlircatcned with injury from blight or insects, a 
matter of gi'cat delicacy. The green rice-crop is pecu- 
liarly subject to the attacks of insects of different kinds, 
and it is solely by the management of the water that 
these are destroyed. If the animals arc aquatic, the rice- 
field is laid dry for a time, and if otherwise, it is flooded ; 
the much-dreaded enemies being thereby disposed of, 
whether they proceed from the land or the water. 

When the divisions are duly formed, the rice-ground 
is ploughed and carefully weeded in spring. If the soil 
be too M'ct for the use of the plough, as in marshy loca- 
lities, it is broken up by the spade, a tedious and un- 
healthy process. After the gi'ound has l)ecn thus pre- 
pared, water is admitted for the purpose of verifying the 
levels, and of consolidating the partition-walls of the 
different divisions. It is necessary to remove all trees 
from tho immediate vicinity, as shade is very hurtful to 
the crop. 

I’he period of sowing extends from the beginning of 
Mai’ch to the beginning of May. The new rice-lands are 
sown first, those which have been established for one or 
more years at a later period, as the soil is benefited by 
exposure for some time to the heat of the sun. Rice in 
the husk (locally termed risom) is employed as seed, in 
tho proportion of from 3 to 4 bushels per acre, according 
to the nature of the soil. It is sown by hand; and as the 
land is literally in the state of mud, it is very laborious 
and very unhealthy work for the cultivator. It is neces- 
saiy not to sow thick ; and in proportion as the land is 
strong, the quantity of seed is diminished. It is usual to 
soak the rice-seed in water for twenty-four hours previous 



PERIODS OP IRRIGATION. 


103 


to sowing, with the double object of quickening its vege- 
tation, and preventing it floating on the surface of the 
water, as without this precaution it occasionally does. 
If new rice is employed as seed, it requires to be sown 
early, tliat is, in the course of the month of March ; 
old grain is sown later — ^in April, or at the beginning 
of May. 

Twelve or fifteen days after sowing, the young plants 
rise above the surface of the soil, and, as they increase in 
height, the sheet of water is gradually increased with 
them, so that merely their tops show above it. The fields 
are kept in this flooded state until the plant flowers, 
which, according to tlie time of sowing, takes ])lace 
between the middle of duly and the middle of August. 
About this time the flooding of the crop is replaced by 
regular but abundant imgation, at intervals of a few days. 
When the head becomes well formed, the grain of good 
size, and the colour changes from deep to liglitcr yellow- 
ish green, all use of water is discontinued, tlie land is 
drained as dry as practicable, and in ten or fifteen days 
afterwards the crop is ready for cutting. The rice har- 
vest in the north of Italy ranges, according to circum- 
stances, fi'om the middle of Scptembei* to the beginning 
of October ; and the crop is cut with the scythe when 
largo compartments arc used, and with tlie reaping-hook 
in the smaller ones. The grain is made into small 
sheaves about 25 or 30 lbs. in weight, and with a con- 
stant length of 1 8 inches. When the plants are longer 
than this, they arc cut higher, and the stubble is after- 
W'ards ploughed in as miinurc. The thrashing is effected 
after the Oriental fashion, by the treading of bullocks or 
horses ; and the grain is subsequently dried for some 
days by exposure to the sun. It is then stored, and 
during the winter, when water is cheap and abundant, it 
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is cleared of the husks in the rice-mills attached to the 
fams, which arc worked by water-power. 

The produce of rice-land necessarily varies much 
according to soil and supply of water. The pcrinancnt 
rice-lands receiving but little manure, and being in low, 
marshy localities, difficult to cultivate efficiently, yield 
much less than those introduced into the usual agiicul- 
tural rotation. In the provinces of Mantua, Verona, and 
Novara, where permanent rice-lands are extensive, the 
average produce per acre is estimated at from 30 to 
35 bushels of uncleaned grain, or risone; while the 
tcmpoi’ary laiul in tlic same and the adjoining pro- 
vinces yield about one-fifth more, or about 40 bushels 
per acre. Of the latter class, however, there arc many 
which yield much more — even to 60 or 70 bushels. The 
process of cleaning reduces the rico to about one-third of 
its bulk ; so that for permanent land the produce would 
be nearly 13 bushels. As an illustration of the pro- 
duce of rotation rice-lands, I give the following, to which 
my attention was directed by a skilful Lombartl proprie- 
tor of much experience in this cultivation. If is given in 
vol. ii. of the work entitled Milano e-fil mo TerritoriOy 
p. 140, and exhibits actual results, which I have reduced 
to their equivalents in English measure : — 

Statement showing the Puoduce per Acre of Uotation 
Hice-Lanu in Lomdaudy. 




Ilncloaned rico. 
ilualicls. 

Clonned rioc. 

1st Year, 

. 

57.7 

J7,6 

2a do. 

• 

49.6 

16.8 

3a do. 

• 

54.4 

20.2 

4tb do. 

• 

44.5 

16.6 


Totol.s, 

206.2 

71.2 


Annual means, 

51.55 

17.8 


The larger produce of the first year is due to the laud 
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being new ; tliat of the third year is the result of thorough 
manuring. By the fourth year the laud shows signs of 
exhaustion, no manure having tlien been given. It will 
be noted that, as the rice-laud becomes older, tlie propor- 
tion of cleaned to unclcaned rice increases ; or, in other 
words, the grain is more easily separated from the husk 
in the latter years of the rotation. 'Ihc cleaned rice may 
be valued at 6s. the bushel. Hence tlie gross average 
rotuni per acre is £i), 6s. 5)d, 'I'lic expenses of cultiva- 
tion were only about 1 5s. per acre,* and supposing the 
expense of water to double this amount, we have a net 
return of .4^4, 11s. .‘)d. per acre. It is mentioned that in 
certain years this same laud lias yielded 2.5 bushels 
of cleaned rice, thus giving a net return of £7, 5s. per 
acre. With a species of cultivation so cheap and so pro- 
litablc, it is not wonderful that all attempts to restrict its 
extension should have failed. No sanitary regulations 
have yet ofl’ered more than merely temporary impedi- 
ments to its progress. It has extended, and is extending 
even now ; and though the impression of its unhealthiness 
is universal', the temptation of its profits is too great to Iw 
resisted. I shall, have occasion to show hereafter what 
has been done to reconcile sanitary and pecuniary inte- 
rests — not, I would hope, necessarily incompatible in this 
case ; to do so at present would lead me away from my 
subject. 

It is peculiarly dilhcult to form any precise estimate of 
the quantity of water necessary for a given area of rice- 
land. Unlike Jill other irrigated products which require 
only occasional watering, at more or less distant intervals, 
rice is flooded continuously for at least three months of 
its growth. The fields are then a series of ponds, so to 

* So ill the original authority ; but I think the amount muftt bo iinder- 
cstiinated. 
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speak, receiving constantly such new supplies as are neces- 
sary to compensate for wastage by evaporation, absorp- 
tion, and other causes. In such a system it is evident 
how great the intlucnco of soil must necessarily be — it is, 
in fact, the most important consideration of all, and with 
its variations, vary also the quantities of water required. 
According to the best Itsdian authorities, 1 cubic foot 
per second is sufficient for the irrigation of from 35 to 40 
acres of rice, being from 45 to 50 cubic inches per acre. 
This is fully twice the quantity required for ordinary 
meadow in-igation. In the Milanese it is held that land 
under rico absorbs every 24 hours a stratum of water 
having a depth of .47 inches, or very nearly half an inch. 
In V'erona and Mantua, the daily consumption is esti- 
mated at just double this quantity. In the south of 
France, where winds, similar to the regular hot winds of 
the Indian summer, prevail, the depth of u'ater to be 
supplied daily to rice-gi’ound is estimated at .663 inches. 
It is calculated that, in the north of Italy and centre of 
France, the daily evaporation varies between .078 and 
.117 inches; while in the south, and under the influence 
of the hot winds, it increases to between .156 and .195 
inches. Assuming the average daily loss by evaporation 
to be .180, we have for supplying the plants, and for loss 
by filtration, a stratum having a depth of .473 inches, 
which, from all the testimony 1 have been able to collect, 
is practically abundant. From these data it may there- 
fore be safely concluded that a continued discharge of 
from 45 to 60 cubic inches of water per second is suffi- 
cient for the irrigation, throughout the season, of 1 acre 
of rice-land, supplying, as this volume would do, a daily 
stratum having a depth of between 0.62 and 0.68 inches. 

tn estimating the cost of irrigation for rice-land, I find 
it stated, that water to be so employed is sold throughout 
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the greater part of Lombardy at an annual rate equiva- 
lent in English money to £26 per cubic foot per second. 
Supposing this volume to be sufficient for the irrigation of 
40 acres, we have a rate of 14s. 6d. per acre for water in 
rice-cultivation. 

I have little more to add on the subject of the employ- 
ment of water in agriculture thi^oughout Nortliern Italy, 
'rhe meadow and the rice lands may be said almost to divide 
between them that vast Yoliime of water which is every 
year poured over the fiice of the country. The iiTigation 
of Indian corn or 11a x consumes but a comparatively small 
portion of the supply, and I have not considered it neces- 
sary to advert to it in any detail. I conclude this section 
with a tabular statement of some statistical details, wliich 
may be useful for reference. 


Numerical Dkta(ls coiuicctcd with the Employment of Water 
for Irrigation iu the Agiucultuue of Nortueun Italy', 
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ON TilH USK OP “ TONTANIlil,” OK SPUINOS POU IRKIGATION. 

I have had occasion to refer frequently to the use of 
natural springs for agricultural in’igation in Italy, and it 
seems to me that 1 may appropriately finish the present 
chapter, by giving some more spccifd account of these 
valuable sources of supply, and of the methods by which 
tlicir waters arc made available for useful purposes. 

Throughout the whole of the great plain on tlic left of 
the Po, forming the irrigated I’cgion of Piedmont and 
Lombardy, there occur water-bearing strata of sand or 
gravel at depths which vary materially. In a zone about 
three miles in widtli, following generally the parallel of 
4.'}“ 28', and extending from the river Sesia to the Oglio, 
there is a very remarkable abundance of subterranean 
waters met with, at depths varying from 9 to l.'J feet. 
The influence of the canals of irrigation on the level of 
such springs is very perceptible — as in the vicinity of 
the canal Martesana, and also near Milan, where the 
depth of the vrator-bcaring stratum does not exceed 4 
feet. The springs, however, most in request for irrigation, 
rise from greater depths, and are connected with the 
permeable alluvial beds which stretch away towards the 
rising lands on the northward of the plain. In seeking 
for these springs, there are a number of natural signs 
which arc followed as guides; and though the faith in the 
magic virtues of the divining-rod, which once prevailed 
universally throughout these districts, may now liave 
passed away, the fountain-seeker — a much-employed mem- 



NATUUAL. INDICATIONS OP SPRINGS. 


109 


ber of tlie community — has still his traditional signs, which 
gather round the source he is in search of. Wlicre, in 
the spring-time, the verdure of a meadow is of a deeper 
green than the general mass, or the soil of a field has a 
darker or damper appearance than the rest, there he 
considei’s it desirable to try his fortune. Wlicu, in the 
summer, the gnats arc seen hovering in masses over a 
particular spot, and resting very close to the soil, he 
suspects that aqueous vapour is ascending from below, 
and that a spring must be near the surface. At all seasons 
of the year, light vapours frequently rest over the hidden 
springs at night and morning, and to these the searcher 
gives attention with the sort of practical instinct in recog- 
nising their indications Avliich lung observation creates. 

Supposing that by these or other siinilai- signs the 
c.vistcnce of springs is sufliciently indicated, excavations 
arc made through the surface-soil to those beds of sand or 
gi’avcl which form the subsoil of the whole irrigated plain; 
and as new threads of water, rising to the surface, con- 
tinue to show themselves, so does the excavation extend, 
until a supply adequate to the demand has been obtained, 
or until the area of the head of the spring reaches the 
limit beyond which it cannot profitably be carried, owing 
to the value of the laud. The small jets of water form- 
ing the springs rise, of course, in variable volume, and 
with variable force ; and in the large spring-heads, (locally 
termed teste del fmdane,) it is only the more important 
of these that receive special attention. 

In the imgated plains of Ihcdmont and Lombardy, 
the depth to which the excavation for spi’ings has to be 
carried very rarely exceeds 8 or 9 feet ; and owing to the 
natural slope of the country from north to south, this 
depth is soon worked out, and the channel brought to the 
level of the soil. The shape of the spring-head is deter- 
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mined entirely by the maimer in wbich the jets (termed, 
on the spot, the occM, or eyes of the spring) are distri- 
buted. Among the immense number I saw, there were 
none that affected any regularity of form, though the 
banks were trimmed and cared for with more or less 
attention, according to the tastes or habits of the pro- 
prietors. I observed generally that those in the Milanese 
were kept in better condition than either in Piedmont or 
the other provinces of Lombardy. 

Passing through sandy strata, the jets are liable to 
obstruction from the matter the water carries with it, or 
from collections of earthy or vegetable deposits in the head. 
It is therefore neccssai’y to protect tliem from these, and 
this is done by enclosing each jet within a wooden tube 
of variable depth, but generally ranging between 6 and 
10 feet. This tube, of about .3 or 4 feet in diameter, 
slightly conical in form, is made of alder-wood or oak, 
about 1 or 1,^ inches in thickness, bound with throe or 
four strong iron hoops. It i.s, in short, very like a cask 
without a bottom, and it is forced into the soil until its 
upper rim is a few inches above the surface of the water 
in the spring-head. On one side of the rim a small cut 
is made, through which the discharge of the water takes 
place, and occasionally, though rarely, the top is covered 
over. 

The excavation of the flooring of the spring-head is 
carried to a depth of about 1 foot or 18 inches below the 
level at which the jets are distinctly visible. The sides 
are either fonned in long slopes and sown with grass, or, 
as in many instances I saw near Milan, neatly revetted 
with small piles and planks, and having trees planted all 
round, so that the spring-heads are generally rather pic- 
turesque spots. Occasionally it happens that the entire 
basin becomes filled with water, in such manner as to 
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make it difficult to discover the localities of the jets. My 
kind friend, M, Charles Noe, drew my attention to an 
example of this kind in the Vercelloso, and informed me 
that the method usually employed to discover the jets 
was to leave the water undistiubcd for some time, when 
the surface became covered with water-cresMS, which 
M'cre invariably much denser over the sites of the jets than 
anywhere else. 1 saw this very distinctly in the case in 
question, and the indication is considered on the spot an 
almost infallible one. 

When the dimensions of the head and the consequent 
volume of water have been tolerably well ascertained, the 
next process is to excavate the channel of irrigation, 
(locally termed asta di fontana.) Kegarding this there 
is nothing special to remark, as it is merely an ordinary 
channel, having dimensions and slopes varying according 
to local circumstances, W'hcn the .soil is very porous, 
wooden or metal pipes are occasionally in use to econo- 
mise the water, though it is but rarely that such expe- 
dients have to be employed. 

As all .springs become the private property of the 
parties on whoso lands they arc found, their value may 
be ascertained by a comparison with the sums paid for 
like quantities of water derived from the ordinary canals 
of irrigation. We have formerly seen that a volume equal 
to 1 cubic foot per second may bo purchased in perpe- 
tuity for about £280. The discovery of a spring giving 
from 5 to 10 cubic feet, which arc the ordinary limits, 
increases the value of the property on which it is 
found by from £1400 to £2800 ; and as the expenses 
scarcely equal, in average cases, a hundredth part of 
these sums, it is easy to understand the extent to 
which the system has been carried, and the importance 
attached to it, especially as the command of spring- 
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■water is so valuable iii the establishment of marcite 
meadows. 

The great and the minor canals of Northern Italy 
derive occasionally no inconsiderable portion of their sup- 
plies from the subterranean waters. The depth at which 
their beds are usually placed beneath the surface of the 
soil brings them within the limits of the water-bear- 
ing strata, and on all occasions, w'hcn the main supply 
from the rivers is cut off, the effect of the springs is very 
perceptible. It is, indeed, generally held that the pro- 
portion due to these is equal to from one-fifth to as much 
as one-third of the total volume. The Naviglio Taverna, 
of which the entire discharge is nearly 30 cubic feet jier 
second, draws only 1.5 of thc.se from the canal Martesana, 
the remaining half being from spring.s opened during the 
progress of the excavation for the bed. In this case the 
capital value of the additional supply of water thus 
obtained docs not fall below £4200, and similarly with 
the private canals Litta, Cattaneo, Visconti, liarmetti, 
Uorromeo, and, in fact, nearly the whole which form the 
branches of the great arterial lines. 

It would be vain to attempt to give any rigid estimate 
of the total quantity of water supplied by springs for 
agricultural purposes, as no perfectly trustworthy data 
exist on which to base it. I will therefore merely men- 
tion here, that in the Notizie Civile e Nnturalc su la 
Lombardia, Lombardini calcidatcs the total quantity util- 
ised in the Lombardian l*rovinccs at 2160 cubic feet per 
second, and that Michcla, in the notes attached to his 
history of the canal of Caluso, estimates the volume for 
the Lumellina alone at 788 cubic feet per second. We 
shall certainly be under the truth if we estimate the whole 
throughout the irrigated plain of Northern Italy at 3000 
cubic feet per second, of which the value in money is not 
less than £840,000 sterling. 
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With tlicsc details 1 terminate the Third Ihirt of this 
llcport. My object has been, not so much to enter into 
very minute particulars on the practice of irrigation, as to 
give a general idea of its most note-worthy features. The 
Irrigation System of Northern Italy demands, as essential 
to its existence, the jiossession of largo capital and the 
concentration of property in the hands of wealthy pro- 
prietors. To this combination its actual development is 
due ; and however well the system of small farms may 
act in Upper Lombardy, I believe it would be the entire 
ruin of those provinces whose fertility has been produced 
cntirel}" by their canals of irrigation, constructed at va.st 
original outlay, and maintained at present by heavy and 
annually recurring expenses, beyond the means of small 
proprietors to defray. To establish, in well-adjusted 
proi»ortions, the various kinds of irrigated culture I Jiave 
adverted to, and to insure an adequate return on the 
capital thus invested, requires farms of large areas, and 
working capital of considerable amount. In a calcula- 
tion I have now before me, it appears that, to work elfi- 
ciently an in-igalcd farm of <540 acres, Avould require, on 
the part of the tenant, command of capital to the extent 
of at least ,£GOOO, while the amount sunk by the land- 
lord in constructing canals, fann-buildings, and in levelling 
operations ncccs.sary to adapt the land for irrigation, is 
estimated at £40,000. Unlc.ss such sums arc at the 
command of the one party, and have been invested by 
tlie other, the maximum advantages of irrigation arc not 
to be obtained, as the water has not full justice done to 
its capabilities. It is clear therefore, tliat, for Lower 
Lombardy, the existing arrangement of lai’ge farms, held 
by superior tenants under liberal landlords, is not only 
the best, but I believe the only system ada})tcd to a 
region whose agriculture is based on irrigation, and where 

VOI,. II. . JI 
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the governiDent docs not assist in the construction of 
works of distribution. If measures be taken to alter tlie 
distribution of jiroperty — to replace the large by small 
proprietors, I feel quite certain that the descent of Lower 
Lombardy, from its high position among the productive 
legions of Europe, will be rapid and inevitable. These 
remarks do not apply at all to Middle and Upper Lom- 
bardy, where irrigation enters but little, if at all, into the 
system of husbandry. There, subdivision of property has 
not yet, so far as my observation went, been productive 
of any injurious effects wliatevor ; but I must repeat, that 
cii'cumstanccs arc wholly dilFercnt in provinces whose 
agricultural lifo’s-blood, so to speak, circulates in their 
irrigation channels. liven now, the financial pressure 
checks the essential freedom of this circulation ; and if it 
is carried so far as to lead to permanent embarrassment 
on the part of existing proprietors, and the necessary 
partition of land to meet demands so oppressive, the 
Government will most unquestionably soon have cause to 
feel that tliey have realised the ancient fidde, in killing 
the bird that for so many centuries has been laying eggs 
of gold for their use. 
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PART IV. 


LKUISLATION OF IJ{HIGiVTIO]N TN NORTHEJIN ITALY. 


INTIIODTTCTORY RKWARKR, RElNf! A llIKTORrC.VT, SUJIMARY OF 
THE I'ROHRESS OF THE LE<iTSl,A'JTON OF IRRIGATION IN 
NORl’HERN ITALY. 

There is reason to believe that long before the laws 
aft’ecting irrigation in ISorthcni Italy were cinbodicd in 
any written code, they were recognised and acted on as 
being among the common customs or unwritten laws of 
tlie country. The earliest record of tlicm which now 
exists is found iii a manuscript collection of the statutes of 
Milan, preserved in the great Ambrosian Ijibrary of that 
city, and bearing date 121G. But in this collection they 
appear not as new law's then for the first time established 
by the local government, but as customs which from time 
immemorial had regulated the matters to which they speci- 
ally apply. Vciri, who is considered one of the most 
careful of the historians of Milan, is disposed to carry 
back the date of the first compilation of the statutes to 
the tenth century, when Otho the Great, emperor of Ger- 
many, granted to the cities of Lombardy the right “ to 
live according to their ancient laws and local customs,” a 
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right subsequently ratified and confirmed by Frederic I. 
at the peace of Constance in 1183. In the historical 
summary I have formerly given of the progi-ess of irriga- 
tion, I have mentioned that this was the period when the 
gi’eatost of existing canals were executed ; that it was, in 
truth, the birth-time of that inigatiou system to which 
Lombardy owes its singular agricultural prosperity. But 
the use of water on a smaller scale was traced to a much 
earlier period, and reaches back even to classic times. 
The unuTitten laws of irrigation in this region are there- 
fore considered, with probability, to be fragments of the 
Roman jurisprudence once established there, and which 
have survived the destructive influences of that dark period 
which intervened between the fall of the Empire and the 
rise of modern civilisation, by right of- their utility and 
adaptation to tbo wants and habits of the jicople. 

In the code of 121G, formed by Bruuasio I’orcha of 
Novara, then Podcsta, or elected chief of the republic of 
Milan, we find embodied the leading ideas which at the 
present time regulate the legislation of irrigation. With- 
out entering into minute details, it will, I am sure, be in- 
teresting to quote those provisions which, for at least seven 
centuries, have influenced the social state of Northern Italy, 
and whose beneficial effects arc to be recognised over the 
whole region of irrigation. 

The ancient laws regulating the use of water arc found 
in Statutes 240 to 249, and in general terms are as 
follow : — 

“ 1. Whoever has the right to obtain water from springs 
or rivers, or in any other manner whatsoever, can carry it 
through the fields and fams of any individual, commune, 
or public corporation in this state, and also across the 
public roads. 

" 2. To this end he can construct the canals or channels, 
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and other necessary works, at the least possible inconve- 
nience and injury to the proprietors of the fai’nis, paying 
one-fourth more than the true value of the land thereby 
occupied. 

“ 3. In addition, he must repair all damages caused by 
the works, according to the estimate of two practical men, 
(periti,) — provided, however, that the compensation for 
damages shall in no case exceed twice the value of the 
property damaged. 

“ 4. He shall be bound to maintain in cfBcicut repair, at 
his own expense, the bridges and drains rcquii’cd for the 
passage of the water, wdiother on the farms or across the 
roads, so that these latter shall suffer no injury, especially 
in rainy Avcathcr. 

“ .5. The water may be conducted, or caused to pass, 
above or below canals previously existing, new' channels 
of brick and lime being made for it in such manner as 
tliat the water (lowing under shall not be mixed with that 
flowing over or within the ])rc-oxisting canals. 

“ 6 These new channels must be maintained in such 
condition as that the proprietor of the watcj’ at the upper 
levels shall suffer no damage from the reflux of the same. 
IMic water shall have a free and unobstructed course.” 

Such w'ore the earliest provisions made in the interest 
of irrigation. They express very clearly that right of 
jrassage which, as securing the free circulation of the water 
without let or hindrance from the passions or ignorance 
of individuals, lies at the root of a widely -spread system 
of irrigation ; while, at the same time, precautions arc 
taken to make the exercise of this right, so essential to the 
common good, as little oppressive to individuals as is com- 
patible with its full enjoyment. The limitation of the 
right, by the condition that it shall be exercised only in 
the way which, according to professional judgment, is least 
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injurious to tiio parly granting tlio passage, bus been found 
to operate most beneficially in practice ; and so universal 
is the conviction of the necc8.sity for the maintenance of 
the right thus guarded from abuse, that opposition to it 
is almost unknown. However much the experience of 
centuries may have amplified the laws of irrigation, it is 
to this first rough code that we have to trace the estab- 
lishment of the leading principles which have regulated 
the gradual development of the system. 

Thc.se principles arc briefly — 

1st, The right of passage. 

2d, The limitation of this right to lines of least in- 
convenience. 

.‘>d, Payment for the laud occupied, with a certain fraction 
in excess of the tiaie value — being one-fom th in this case. 

4th, Compensation for damages — limited here to not 
more than twice the true value of the damaged property. 

.')th, Obligation on the proprietor of tlic water to 
maintain the works. 

Gth, Obligation on the proprietor of the land to keep 
the channel free of impediments to the course of the water. 

The old Statutes fartlier contain a number of detailed 
regulations connected with irrigation, such as limiting the 
distances of canals or springs from each other, or from 
rivers the property of the State ; securing certain distances 
on each side of the channels for the reception of the de- 
posits cleared from them ; prohibiting the construction of 
dams in i-ivcrs without due authority — and so on. But the 
preceding abstract will give a suflicicntly clear idea of the 
general principles involve<l, to make it unnecessary for mo 
to dwell longer upon them. 

From time to time, during the middle ages, new collec- 
tions of the Statutes were formed by different princes. In 
1301, Luchino Visconti caused the whole to be revised; 
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and bis successor, the great Giovanni Galcazzo, published 
the collection in 1306, uudci' the name of the Nuove 
(Jonslifuzioni. In 1457, the right of passage was specially 
established by Francesco Sforza on the Canal Martesana ; 
and some time afterwards, the reigning duchess of Milan, 
llianca Maria V isconti, published a new series of regula- 
tions for its exercise, of which tlie most remarkable AVius, 
that the engineers to whom was committed the duty of 
determining the amounts of compensation to be paid were 
to be named in equal numbers by tlic i)roi)rictors of the 
Avatcr and the land --an arrangement dillicult to work in 
Itractico, from there being no provision for a casting vote 
ill the event of an equal division of opinion. After the 
termination of the national dynasty, on the defeat and 
capture of Ludovico Sforza il Moro, by Louis XII. of 
France, another series of statutes, carefully embodying all 
pre-existing laws of irrigation, witli such farther develop- 
ments as seemed expedient, was published in 1502 by the 
latter monarch. 

About the same time the republic of Venice esta- 
blished, throughout its irrigated provinces, regulations 
similar in principle, though diircrcnt in detail, to those of 
the Milanese. It may be curious to show how this ques- 
tion was treated by a body so celebrated as the senate of 
the republic ; and I have therefore translated the following 
statute on irrigation, which bears date the 27th August 
1455, and is thei'eforc very nearly four hundred years 
old. It is applicable to the province of Verona, where, 
as formerly remarked, there are canals of irrigation very 
nearly as old as the Naviglio Grande, and wliere common 
custom had doubtless preserved, by equally clear tradi- 
tion, traces of a legislation fur more ancient than any 
written record. The Veronc.se statute is as follows : — 
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“ 1. Every inhabitant of the temtory of Verona is at 
liberty to derive, from the rivers appertaining to the State, 
such supply of water as is necessary for the irrigation of 
his property, on obtaining the requisite authority from 
competent magistrates, and under the condition that lie 
inflicts no injury on parties possessing older rights to the 
same waters. 

“ 2, Whoever shall obtain the right of establishing an 
irrigation channel, may demand a passage for the water 
across the land of any otlicr person ; pa 3 jing, however, to 
the proprietor, fuwe the value of the land occupied. 

“ 3. This value shall be fixed by skilful men chosen by 
the jiartics interested. 

“ 4. The compensation shall be payable in advance, 
except w’hcn the proprietor of the land is willing to grant 
a delay thereof. 

“ 5. On fulfilment of the above conditions, the sale of 
the land demanded shall be obligatory, and should be 
effected by a legal act. 

“ G. In case of refusal on the part of the proprietor 
to acquiesce in the preceding terms, it shall be competent 
to the administrative authority (the 1^’odesta) to adopt 
compulsory measures, since the right to the possession of 
the land exists without reference to the inclinations of 
individuals, corporations, or communities. 

“ 7. Possession obtained in execution of the present 
statute shall be held good and admissible as regards the 
grantee. 

“ 8. In the case of a proprietor refusing all acquies- 
cence in the possession thus granted, and declining to 
receive the price of the land, regulated as above prescribed, 
this price shall then be deposited with the authorities ; 
and immediately after this formality, the works of irriga- 
tion may be begun. 
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“ 9. When parties differ as to the proper position of 
the channel, the professional men, named at the instance 
of the recusant, ought always to prefer the place least 
injurious to the property traversed. 

“ 10. The same rule ought equally to be observed in 
cases of dispute regarding channels sanctioned prior to 
the publication of this statute. 

“11. When a channel intersects another canal, or 
water-course of any kind, the passage shall bo clfectcd 
either above or below, by means of appropriate works of 
art. Tlic proprietor demanding the passage shall bo 
bound to deposit security for all damages which may be 
caused by the said works to water-courses or canals pre- 
viously in existence. 

“ 12. This precaution being observed, the proprietor of 
the land cannot inqicde the e.vccution of the works, but 
ought to lend all practicable assistance during the period 
of their construction. The definitive settlement of the 
amount of compensation for damages shall be made on 
the completion of the works. 

“ 13. In the event of the construction of a water- 
course causing a marked diminution of the extent or 
value of a property, the party claiming the passage shall 
be bound, not only to pay compensation for all injuries as 
estimated by professional men, but also to purchase the 
entire property should its owner so desire. 

“ 14. The present statute is applicable only to canals 
and water-courses to bo constructed within the province 
of Verona.” 

This law exhibits the importance attached to irrigation, 
in leading the Venetian legislature to sanction, on its 
behalf, so decided an interference with the rights of pro- 
perty as is here exhibited, and in the scrupulous care 
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taken to make such interlerciice productive of the least 
possible injury. The same general principles pervade the 
laws of Verona and Milan, but the former arc more strin- 
gently protective to the proprietor of the land than the 
latter, 'flic payment of twice the real value of the soil 
- the obligation to purchase the entire property, should 
it be seriously deteriorated — and the payment of all dc- 
nuinils in advance, except tho.se for damages, which could 
not then be known, arc featui-e.s peculiar to the Venetian 
legislation, and indicate an anxious desire to reconcile the 
rights of prop('rty with that free extension of irrigation 
which was so essential to the general agricultural interest 
of the jirovincc. 

After the defeat of I'rancis I. at I’avia, and the .subjec- 
tion of lionibardy to tHiarlcs V., a new code of statutes 
was published by tlic latter in As the Sosia was 

then the boundary of the Italian provinces subject to 
Spain, these .statutes were extended to the region between 
that river and the 'I’icino. Hut here, a.s in the ancient 
duchy of Milan, and the irrigable provinces of Venice, 
there is rca.son to believe that tradition had regulated the 
distribution of water for age.s before the code of Charles V. 
was introduced. M. (iiovanetti mentions, that, having 
had occasion to examine many documents of the tenth, 
eleventh, and twelfth centuries, ho has fo\md in these 
numerous proofs that in Novara the principles of the 
Roman law, in matters connected with the n.se of water, 
had never been wholly lost sight of, but, embodied in the 
traditions of the people, had continued, in unwritten forms, 
to influence the development of irrigation there. Before 
the time of Charles the canals of the Scsia, Busca, 
Biraga, Mora, and others, were in existence, meadow and 
rice cultivation was established, and the general machinery 
of an in’igation system was fairly at work. It is certain. 
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liowevcr, that the iiitroductioa of a legislation already so 
well defined as that of the Milanese, into the provinces 
west of the Ticino, was of the utmost value in stimulating 
agricultural improvement ; for it is well known that, at 
tlic middle of the sixteenth century, when the statutes of 
Charles V, were made the laws of all his Italian pro- 
vinces, tlie extent of irrigation in Novara was less than 
one-fifth of what it is at this moment. 

However little Northern Italy may be indebted to the 
dominion of the Spaniards in other respects, it is und(!- 
niablc that they devoted much attention to the develop- 
ment of irrigation, bringing with them, doubtless, the 
traditions of the Moors, to whom they owe their own 
remarkable system, which exhibits many features worthy 
of careful study. 

As n-gards the othei' provinces of Piedmont, an imjvcr- 
fect Iogi.slation of irrigation was preserved in the ancient 
provincial statutes, or the immemorial customs of dilferent 
localities. The right of passage is always recognised in 
the earliest statutc.s, though in these the party claiming it 
is bound to pay no more tliaii the sim[)lc value of the soil 
occupied. The first notice of any legislation by tlie house 
of Savoy dates from 1384, when the right just referred 
to was distinctly establi.shcd, with some slight modifica- 
tions of the ancient conditions, by an edict of the J.)nke 
Charles liiinannel. This edict, however, was very vague 
and indefinite ; and it is in the Koyal Statutes of V'ictor 
Amadco IT., and in tho.se of his son, Charles Emanuel 
III., published in 1770, that wc find the legislation of 
Piedmont assuming a clear and definite form. To illiLs- 
tratc the firet stages of legislation in I’icdmont, as I liave 
ah'cady done those in Milan and V’^crona, I give a trans- 
lation of such parts of these statutes as apply specially to 
irrigation. 



I2fi STATUTES OF CHAKLES EMAKUEL If I. 

“ 1. Every commune, corporation, or individual what- 
soever, shall be bound to gi-aiit a passage through their 
lands for waters legitimately derived from rivers or foun- 
tains, Avhctlicr for irrigation or machinery. This passage 
shall likewise be granted through existing canals and 
water-courses, provided always tliat this operation shall 
cause no injury to the proprietors of these canals, and 
shall in no way impede the free course of their own 
proper waters. 

“ 2. Whoever claims a pas.sagc for his water-course 
across the property of another ought to elfoct the same with 
the least possible injury. The proju'ietor of the water 
shall pay the value of the soil occupied, with one-eighth in 
excess, as estimated by professional men. He shall fai'ther 
repair all damages he may cause, or pay the full value of 
the same. 

“ 3. Whoever has the right of obtaining water, whether 
from rivers, streams, ton’ents, or from canals and water- 
courses, shall be bound to do so in such manner as to 
cause no injury, either to proprietors above or below, by 
the reflux or the stagnation of the waters. Whoever by 
their own neglect shall violate this provision, and thereby 
injure others, shall he liable, not only to roj)air the 
damages done, but also to pay a fine of ton crowns in 
addition. 

“4. If the waters thus flowing for the benefit of indi- 
viduals shall impede the free transit of proprietor fi'om 
one point of their properties to another, those benefiting 
by the canals shall be bound to construct and maintain 
bridges wherever the necessity for cross-communication 
may exist, provided always that there shall be no agree- 
ment between the parties to the contrary.” 

Some characteristic differences will be noted in the 
terms of the foregoing regtdations, as compared with those 
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of Lombard}’. The compensation for the occupation 
of the soil is only one-eighth in excess of the true value. 
The proprietors of pi’e-existing canals are bound to permit 
tlie use of these for now supplies, unless they can prove 
that injury to their interests will be the consecpicuce 
thereof ; and the parties availing themselves of the right 
of passage, but neglecting the duties connected therewith, 
are subjected to punishment by fine, in addition to pay- 
ment of the cost of damages duo to their neglect. 'J!ho 
right to make use of pre-existing canals, though it does 
not specifically ap])car in any of the written statutes of 
Lombardy Nvhich T have seen, was still practised there to 
a considerable extent, and from a very ancient date. It 
is suppo.scd to have originated at the time of the construc- 
tion of the Naviglio (ivando, which in its course inter- 
sected several pre-existing channels. Ilydratdic architec- 
ture was then in its infancy ; the use of syphons, aque- 
ducts, and similar works, was unknown for many years 
afterwards. The oidy way of preserving uninjured the 
interests of the proprietors of these old channels, was to 
allow the waters in them to enter the Ijcd of the (jireat 
Canal, and to grant outlets discharging nominally equal 
volumes at such lower levels as were most convenient. 
There is no difficulty in understanding how easily this 
arrangement lent itself to abuse : the quantity of water 
entering the main canal from a pre-existing channel was 
never clearly known ; and it was invariably found that the 
volume taken from it exceeded much its legitimate limits. 
So great and manifest became the losses due to this cause 
that means were found, in the invention of appropriate 
works, for carrying all waters above or below channels 
previously existing ; and the obligation to do this became, 
as has already been shown, a prominent feature in Lom- 
bardian legislation, being one of the main causes of the 
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higli cost of all canals of irrigation in this region. From 
time to time, however, even clown to very recent date, 
the local government granted permission for the junction 
of waters belonging to dilierent proprietors in the same 
channels; and as there are, unquestionably, circumstances 
under wit ich it might be convenient to both jtartics to 
abide by such an arrangement, we shall hereafter see how 
the principle lias been maintained, and at the same time 
guarded from abuse, in the modern systems of legislation. 
Its first appearance in that of ih’cdmont is found in the 
edict of Charles ICmanuol ; but it is there c-Kpressed in 
terms so absolute that its employment in practice must 
have loti to much abase and litigation. 

During the reign of .Maria Theresa, great improvements 
were ell'octcd in the administration of the canals of Lom- 
bardy, and nuiny now rules were introduced by her local 
govornincnt, all tending to establish more clearly the 
ancient principles of legislation, and to facilitate their 
application in daily practice. Proprietors irrigating from 
the dilforcnt canals and rivers Avere formed into associa- 
tions, Avith power to elect representatives, to Avhom the 
internal management of the works Avas committed. Engi- 
neers were attached to each association, and over tlic 
Avholo a supreme council of irrigation Avas nomitiatcd, and 
charged Avith the general superintendence of all matters 
couneeted Avith the use and distribntioii of Avater through- 
out the kingdom. 811011 associations were of very ancient 
origin in Lombardy — some, as that of the river Olona, 
dating from the tAvclftli century ; but all Avere reorganised 
at the time wc arc noAv referaug to, invested with Large 
poAvers, and brought into close relation Avith the public 
administration. The regulations thus established conti- 
nued in force during the existence of the Cisalpine and 
Italian republics, for wbicb a legislative council was organ- 
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isod about 1802. So inauy of the old feudal statutes 
were swept away during this convulsive period, that 
special legislation on tlie subject of irrigation became 
necessary, and on the 20th .;\pril 1804, a law was pro- 
mulgated by wdiicli the Statutes of M ilau and the Consti- 
tutions of Charles V. were re-established. On the 20th 
of May 1806, another law was published, amplifying the 
provisions of the preceding, and embracing not only irri- 
gation, but its allied subjects of drainage and improve- 
ment of land. 

In 1816, tlie Civil Code of Austria for the .Combardo- 
N'cnetian kingdom was publislicd. In this, no special 
jwovlsion wa.s made for sccui-ing that rigid of passage, 
hitherto a fimdamcntal principle of the legislation of irri- 
gation. In consequence of this omis.sion, serious dispides 
arose ; and the que.stiou having been finally carried before 
the Aulic Council of A'ienna, a decree of this bodj^ dated 
I7th August 1820, re-established in full force the laws of 
April 1804 and May 1806, by uhich, at this moment, 
all questions connected with the use of water for irriga- 
tion ai’c regulated. 

That portion of Piedmont which w'as incorporated with 
the kingdom of Italy bcnefdcd by the law's of 1804 
and 1806, until the fall of Napoleon, when the Ticino 
became the boundary of the kingdom. In 1814, the 
royal statutes of Charles Emanuel were re-established for 
the entire monai’chy ; and three years afterw'ards a patent 
was published, in which the provisions of thc.se statutes 
W'crc clearly defined, amplified, and protected by various 
penal aw'ards. With like objects, other royal patents 
were published in 1828, 1834, and 1836 ; but as all the 
details in these arc reproduced more elaborately in the 
Civil Code of 1837, it is not necessary for me to dw'ell 
upon them now. 

VOL II. 1 
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For Lombardy, therefore, the Civil Code of Austria, and 
the Laws of the 20th April 1804 and 20tli of May 180(5, 
form the existing legislation of irrigation. For Piedmont, 
this is embodied in the Civil Code of Charles Albert. I 
now proceed to give such portions of these v^arious enact- 
ments as are immediately connected with my subject. '' 

" Til tlio preparation of tlio precciiiiij:' suimnary I liavc consulted :i great many 
aulliorities, fur access to wliii-li in original T am indoLted to the liberality of tlie 
(.Jonrt of Directors of the East India Coinpanjj by whom 1 was Kiippllod with 
the means of procuring (Mipio.s of the whole. As tlic same works furnisli me 
with all my luatorials (or I he suhf-O'puait. trh:nit<‘v;-; on the Legislation of Irriga- 
tion, I (juoto those to which 1 have hoeii m<»sL indeht<!d hclow : 

“.Statiiti di lUilano.” 2 v<ils. of text, with notes, ami an appendix of inte- 
rosting observat ions. i'\Iilan : 177X 

‘‘(Jodico (Ilvihi Lnivc-rsalo Au triaco pci Regno Loinbardu-Voneto. Kdizione 
Uiticialc.” Milan: ISln. 

** Ruceolta dei .l.A-ggi, Uegolauioiiti, c Discipline, dell’ Ae<[ao o Stradc del Regno 
d’ Italia.” ‘2 vols. Milan : IMtai. 

** Mamialo tlelhr Loggi, .Rcgolanioiiti e Discipline, intorno ulle Strado, Aequo, 
&c., da Antonio Ountalupi.” 4 vols. ISlilan : 1S15. 

“ Godico Civile ili Sa,rdcgna; (’odiee TViialc di Sardegna.” 2 vols. 
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CHAPTER 1. 

.KOrSLATloX <)1'' lUJlIGA-PIOX IN LOMnAHDY. 


.SKOTION I. 

HICHT nK rJlOPKRTY IN \VAT»':il. 

Tjie right of property in all running water, whether of 
rivers, streams, or torrents, appertains, in the liOinljardo- 
Vcnctiaii kingdom, to the government. The water of 
springs existing on the private properties of individuals is 
the only exception to this general rule. 1 cannot better 
illustrate the growth of the right of the government above 
referred to, tlian by the following short quotation from 
the work of M. Giovanettu in wliieh this accomplished 
lawyer traces it from the earliest times of wliicli records 
remain : — 

“ It is to an object of the most impoj’tant and most 
serious character that I now desire to draw your atten- 
tion. Call to mind the remark 1 formerly made, that wo 
in Northern Italy had been judicious in ranking among 
the tilings appertaining to the royal or public domain, 
the waters of all rivers and streams, whether navigable or 
or nou-navigablc. In this respect, Art. 420 of our Civil 
Code is the reverse of Art. 538 of the Code Napoleon, 
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which regards navigable rivers only as those belonging 
exclusively to the state. 

“ The distinction between waters which arc public 
property, and those which may be appropriated by indi- 
viduals, has always appeared to me to merit the especial 
attention of the legislator. 

“On this distinction is based the solution of a vast 
number of questions on the right of property in the bed, 
on the alluvial deposits, and on the waters themselves. 
But to explain clearly my views, it is necessary that I 
should trace briefly the history of the right. Be good 
enough to follow me. I wall move rapidly ; but, for love 
of order, I will divide the matter into several jiaragraphs. 

“ In my opinion, the Homan lawyers have viewed the 
relation of waters to the public interest in a very just 
manner. They have declared public the navigable rivers, 
and all those which could be rendered so ; but in doing 
this, they propose no other end than to render more 
clhcient the navigation and the ports. According to 
them, the use only of the bed was public, but the I’ight of 
property to the bed, to the islands existing in it, to the 
alluvial deposits, and, in the event of a change of course, 
to the al.)andoned channel, was held to appertain to the 
proprietors on the banks. The fundamental principle 
from which this system flow^ed is recognisable at a glance. 
There was no necessity — there would, in truth, have been 
many inconveniences — in reserving to the public domain 
more than the simple use of the waters for navigation or 
transit in any other form. The establishment of a patri- 
mony for the community was not the object to be con- 
templated, but simply to place beyond the reach of private 
appropriation all that naturally was designed for the 
common good — all that facilitated individual or commer- 
cial intercommunication ; and hence stimulated social 
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development, and quickened the maruli of that progresis 
to M'hich the Creator lias called us. But beyond tliesc 
limits, it is palpably for the general good of society and 
progress that the fertile principle of private right should 
be left to the freest possible action. 

“ All that the Homan jurisprudence has established 
regarding the bed, whether occupied or abandoned, on 
alluvion and on islands, is no more tlian the logical 
sequence of the regulating principle which we have noted. 

“ The natural corollary of this system is, that a right 
to a supply of water from a river, a stream, or a torrent, 
may be acquired either by a direct gi'ant, or by prescrip- 
tive title, on the distinct condition th.at no injury shall 
tliereby bo indicted on the navigable cdiciency of the 
watcre, and that the public administration has the power 
of revoking any grant Avhatovor, whether tacit or ex- 
pressed, whcjievcr it violates this condition. 

“Such is the state of the question according to the 
Homan law, which has always been acknowledged with 
us, norivithstanding the feudal law, which especially 
affects the Lombard cities, and to which I have now 
more especially to refer. 

“ To complete, however, my explanation of tlic ideas of 
the Homan lawyers, I have to observe, that, in subordi- 
nation to the interest of the entire community, there aiiscs 
a second intci’est, less extended, it is true, but which un- 
questionably ranks among what are termed collective in- 
terests. It is for the protection of this secondary interest 
that every derivation of water from any river, w'hcthcr 
navigable or otherwise, exists under the condition that it 
shall not be injurious to neighbouring properties. Hy- 
draulic agriculture ought to learn to profit by this precious 
germ, due to the high intellect of the legislators of a great 
people, and to glean from it the means of guarding and 
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regulating those collectiYC interests wliich develop them- 
selves with the pi’ogrcss of irrigation, and with the grow- 
ing importance wliich water, daily almost, gathers in those 
countries so fortunate as to be able to employ it usefully. 

“The irruption of the barbai’ians brought into Northern 
Italy the dermanic rights and the feudal laws. All the 
rights appertaining to the public, centred in the feudal 
lord of a commune, a proAnnee, or a kingdom, becoming 
his absolute property. It appears to me that it was not 
for purposes of police that the feudal superiors exercised 
all the rigiits of masters over the various water-courses, 
but that their right of absolute property necessarily ab- 
sorbed everything previously held to belong to the com- 
munity. 'riiere existed, in fact, merely the relations of 
masters and subjects. 

“At the peace of Constance, in 1183 , the Italian 
tOAvns of the Lombard League recovered all the rights 
previously vested in the feudal supcrioi’s, and from that 
time the rivers have been held to be public property. 
Q’hese rights were then vested in the cities themselves, 
whi(ih, as you know, exorcised authority over a certain 
extent of the adjoining country. When the monarchic 
element Avas introduced*, there Avcrc constant struedes 
betAA'cen the royal and municipal governments on the 
(picstion of the right to the running Avaters, and of the 
amount of tax to be paid for their use.” 

The results of these various struggles have tended to 
define clearly the diirerent rights involved ; and while the 
government noAv disposes of the Avaters of all rivers and 
canals, it recognises the claims of toAvns, or communes, or 
associations of proprietors, to the supplies Avhich they have 
enjoyed by grant or prcsci’iptive title for long periods of 
time. It is to this arrangement that the exceedingly 
limited advantage derived by the State from the watere 
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of Lombardy is to be traced. In the liistorical sketch of 
the great canals, 1 have given numerous proofs of the 
extent to wliicli private rights had gi'ovvn up during the 
troubled times, and under the various dominions, native 
or foreign, wliich have prevailed in the count)’}'. The 
right assorted by the state is now an almost )>arron one, 
and its enforceiucnt has reference rather to administrative 
and police duties than to direct tinanciid considerations. 

In exorcising its right of property iu waters available 
for im'gation, the government of liOmbai’dy follows oie 
of three courses. 1 st. It disposes of the water in absolute 
property, to parties paying certain established sums for 
it. 2d, It grants a pcr})ct)ial lease of the Avatcr on the 
])aymont of a certain anninil amount, lid. It grants a 
temporary lease for a variable time, at a certain annual 
rate, the Avatcr reverting to the State on the to’mination 
of the lease. By far the most common of these courses 
is the first; and it has, on the whole, I think, o])cratcd 
bcncfjci.nlly in the actual circumstances of the country. 

The gi’cat landed proprietors during the progressive 
development of irrigation Avere the municipal, the reli- 
gious, and charitable corporations, and the powerful noble 
familic.s, the feudal superiors of the soil. As the whole 
of these associations commanded largo capital, it Avas in 
their poAA'C)' to pay at once the sums required by the 
State, for such volumes of Avatcr as Avere suited to the 
wants of their respective properties ; and having thus 
secured the right to employ the Avaters so purchased as 
seemed to them best, they Avere relieved from all haras.s- 
ing interference in applying them for their own use, or in 
disposing of them to others. With the revival of know- 
ledge in Italy, the art of hydraulic engineering was called 
into existence, and the exten.sive demand for skill in its 
details created early a supply of men familiar Avith all of 
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these. ITeucc the remarkable nnralier and the great 
talent of the executive engineers, by whose exertions, 
rewarded and stimulated by their wealthy and powerful 
employers, that vast network of irrigation channels was 
spread over the entire face of the country. Wo have, in 
fact, seen repeatedly that the private resources thus 
employed were more powerfid than those of the State 
itself ; their proprietors carried on a successful resistance 
against every attempt of the administration to enforce 
the regulation of their water-courses, or the introduction 
of fixed nicasui’cs for their supplies. Varied though the 
dynasties governing Loinbardy have been, and however 
difterent in their origin, their claims, or their systems of 
administration, all found that, liaving once gi'anted the 
absolute property in the waters of tlie country to private 
parties, in consideration of certain sums paid, or services 
rendered, they had thereby created collective interests 
poAverful enough to maint.'vin this right against all 
encroachment, and even to withstand, up to the present 
hour, tlie just claim of the State to regulate the gi’ants 
according to their original terms. Whatever the actuat- 
ing motives for their moderation may have been, there is 
certainly no just cause to consider the manner in which 
the govcnimcnts of Lombardy hav'c adijiinistcred their 
rights to water as oppressive or despotic ; in truth, it 
would perhaps have been occasionally better for all 
partie.s, had they been able to carry their administrative 
reforms farther ; but, looking to the general result, it may 
safely be asserted that, in the peculiar circumstances of 
the country, .with the wealth at the command of the 
landed proprietors, the number and the skill of its engi- 
neers and agi’iculturists, the disposal in perpetuity of the 
water has operated powerfully in producing that social pro- 
sperity for which the iiTigatcd distnets arc so remarkable. 
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I have considered it nccossarj to quality the preceding 
opinion by reference to the special circumstances of the 
country, since I am very far from thinking, that because, 
as a matter of fact, irrigated Lombardy has reached a 
highly productive state under tlie system of sale of water 
in perpetuity, it would therefore be wise to introduce 
such a system at once into other countries. In Northern 
India, for example, as in Lombardy, the government 
possesses the right of property in all running waters 
whatsoever ; it may equally dispose of them for ever if it 
thinks fit, and it has far greater power to secure the 
maintenance of such grants as it may make in all their 
original integrity. But this part of irrigated India wants 
two important elements of that success which marks the 
progress of irrigation in Northern Italy. It has no great 
landed proi)riotors, M'itJi the will and the means to under- 
take e.\ponsive works, for utili.sing the grants of w'ater 
wliicli might be made to them ; and the science of 
hydraulic engineering is as yet virtually unknown in its 
social system. The government must, injustice to itself, 
fix a fair value on the water ; and I doubt very much 
whether, on its doing so, any private parties would bo 
found willing to undertake the responsibility of construct- 
ing large liydraulic works for its di.stributi()n. The pro- 
fession of an hydraulic engineer does not yet exist, and it 
will be called into being with better eflcct under a system 
less liable to abuse, and more easy to control, than that 
which the force of circumstances rather than deliberate 
choice has established in liOmbardy. A grant in per- 
petuity of such a material as water, whose value must 
necessarily go on augmenting with the progress of agri- 
cnltural irrigation, is an act of injustice towards the 
government, and is especially so in a country where the 
revenue derived from tlio water forms a legitimate addi- 



138 INFLUENCE OP PERPETUAL GRANTS ON IRRIGATION. 


tion to the resonrces of the state, supplying it with the 
means of extending tlie worhs, whicli, in the actual condi- 
tion of society, it alone is able to undertake. Hdnce, 
thercfori!, 1 am distinctly of opinion, that for the govern- 
ment of India to follow the example of that of Lombardy, 
in parting for ever with its right of property in the waters 
of the country, on receipt of sums which cannot possibly 
represent the real value of the article, would be an unwise 
course, not only as regards its own interests, but also 
those of the irrigating community. For there is no one 
point better established by experience in IVorthcrn Italy 
generally, and in Lombardy particularly, than this, that 
the selfishness of grantees in perpetuity of water has been 
one of the most serious obstacles to the development of 
irrigation. Acting on tlie principle that they had a right 
to do what they liked with their own, they were in the 
habit of suspending arbitrarily the sujiplics of u’ator dis- 
posed of by them to other parties under subordinate grants, 
of increasing as they thought fit the prices to be paid, and, 
in a word, of pushing to its utmost limits the right of 
absolute property purchased by them from the State. 
Jiut an agriculture founded on artificial irrigation cannot 
advance as it ought to do, under such an arbitrary system ; 
and so, in protection of the irrigating communities, there 
gradually grew up a right, whicli, being acknowledged by 
the legislative tribunals, modified the despotism of the 
government grantees. This right bears the name of the 
diritto d! insistenza, and assures to a province, or com- 
mune, or association of iirigators, or even to individuals, 
a legal claim to a continuance of such a' supply of water 
as they may have enjoyed for long periods of time, and 
on the faith of possessing which they may have incurred 
heavy expenses. So long as the irrigating community pays 
the water-rent fixed by the gx’antec of the canal, it cannot 
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bo arbitrarily dispossessed of its supply ; and in tbo oTciit 
of the proprietor of the water, desiring to change the 
rates of payment, this must be done through the medium 
of arbitrators duly nominated by both parties. It is held 
by the tribunals, that canals of irrigation are not to be 
regarded as works designed solely for the benefit of their 
original constructors, (,’ertain rights and privileges, as 
the right of passage for the water across the lands of 
others, &c., have been granted in partial violation of the 
principle of private property, to facilitate the establish- 
ment of such works ; and hence the general good of the 
community has to be considered, as avcU as the benefit of 
individuals who may be bolder.s of government grants. 
When, therefore, the right of property in all running water 
in a country has been vested in the state, to be by it 
administered for the combined benefit of the pulilic 
treasury and the agricultural community, the surest way 
of escaping all such injurious influences as T have just 
referred to, is for the government to retain its right, and 
so to guard the grants of water it may make, as to secure 
all the interests of which it is tlio natural jirotector. 
The general principle on w'hich grants should be made, 
}il>pears to me to be by lease or contract for fixed periods 
of considerable e.xtcnt, as from twenty to thirty years, the 
terms of such contracts reserving to the government the 
general control of the waters, and the power of enforcing 
such police arrangements as arc essential to sanitary or 
other purposes. The making of these leases renew'able at 
certain intervals would give opportunities of introdiicing 
all such improvements as increased experience and know- 
ledge had intermediately suggested, while their length 
would be sufficient to encourage the grantees to invest the 
capital necessary for the construction of the minor, but 
still very important works required for the passage and 
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distribution of the water. It is in India so directly the 
interest of the governincnt to stimulate the agriculture of 
the country, on which the great mass of its own resources 
depends, that the contracts would invariably be renewed 
on just and moderate terms ; and I am sure that all 
parties concerned would be better satisfied under such a 
system, than if what may be called “perpetual settle- 
ments,” similar to those of Lombardy, were introduced. 

To illustrate the terms on which contracts of a tem- 
porary character arc made on the great canals of Lombardy, 
I give here, as translated from the originals, the summary 
of the conditions applicable to those from the Naviglio 
Grande, the canal of llorcguardo, and the canal Marte- 
sana. Such contracts have reference to winter irriiration 
chiclly, as for that a larger volume of water becomes 
available than for summer irrigation, which is regulated 
almost universally by grants or leases in perpetuity. 

“1. For the use of water in winter {mqnejemak) the 
lessee is at liberty to employ an existing outlet which 
has no right to water during this season attached to it ; 
provided ahvays, that he shall be the actual proprietor of 
the M'orks forming this outlet, or that the proprietor shall 
give his consent. In case of refusal on the part of the 
proprietor, tlie lessee shall be at liberty to construct a 
special outlet. 

“ 2. The new outlets to be constructed witliin the banks 
of the canal ought to be established rigorously according 
to the forms and dimensions of the modulo magktrale 
Milwiese. All the -works connected with them must be 
of masonry in stone or brick, similar to those in use on 
the canals of the State. 

“3. The lessee shall submit, with his application for 
water, a project accompanied by drawings, which represent 
in plan and elevation each outlet to be established. 
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showing <listinctl_y tlie position where lie desires to place 
it. This plan shall be submitted for the approval of the 
superior authorities; and its execution — superintended, at 
the expense of the lessee, by an engineer deputed by the 
administration of canals — shall be subject to w’hatever addi- 
tional conditions it may be considered expedient to prescribe. 

“4. The M’orks shall be constructed at the expense 
of the lessee during the first spring stojipage of the canal 
which may follow the sanction of the contract. They 
ought then to be subjected to a special inspection by the 
engineer who is deputed by the direction-general of public 
works. So soon as tlic water is readmitted into the canal, 
the new outlet is subjected to fjaitclaiion/" according to the 
method in common use, and by the individual just rcfon’cd 
to. The key of the hydromctic sluice shall remain in charge 
of the agents ajipointed by the sujicrior administration. 

“ 5. The les.sco of the waters is bound, during the period 
of his lease, to maintain the works of the outlet in perfect 
order, according to the instructions of the government 
engineer. The necessary repairs must be made during 
the ordinary stojipagcs, and under the control of the 
engineer above referred to. 

“ 6. If, during the course of the year, the lessee shall 
find that the works have sustained injuries, he cannot 


* T have aU’catly hiid occasion, in tlisciutsing the wvtfuh maij-infrak, to refer to 
the functions of tlie (jattello, or suiall catch with lock and key, which is fixed 
on the regulating sluice of each outlet, to prevent the outraiice of too luuoh 
water into the irrigating channel. The literal mwining of the word lias, 
I presume, a tjuaiiit reference to the police duties implied in tlie old nursery 
rhyme, — 

* Wlieii the t'liCs away 
The mice do phy ; ” 

and steal, too, Bometiincs ! The cat is a favourite in the technology of Italian 
irrigation ; the syphon is termed the “ fSalto di (hitto," or “ cat-leap.” In the 
ancient vernacular of Indian imgation, the same work is termed “ the caineVs 
neck a much more uj»t descripti ve name. 
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claim any stoppage of the canal to enable him to execute 
the necessary repairs ; but he shall be bound to effect at his 
own expense, and while the canal is fidl, such provisional 
repairs as tlie govcrniiiont engineer may consider absolutely 
necessary for the protection of the water. He shall 
further be bound to close the outlet outirel}", shoidd such 
a step be considered absolutely indispensable. The defi- 
nitive repairs shall then be postponed to the first stoppage. 

“ 7. In addition to all expenses for the construction 
and superintendence of the outlet, the lessee shall be held 
responsible for all charges connected with the special 
survey and tjatldation, and for all documents which the 
administration may be obliged to supply in connection 
with these various points. 

“ 8. The use of winter water during each of the years 
for which the lease holds good, shall commence on the 
Dth of September, and terminate on the ‘2oth of March 
in each year — always excepting the periods of stoppage 
for the clearance of the canals. 

“ 9. The amount of the water - rent is payable in 
advance at the treasury of the imperial and royal admi- 
nistration of finance — that is, before the 9th of September 
of each year. 

“ 10, In case of delay on the part of the lessee in pay- 
ing the stipulated sum, the public administration shall 
have the power of closing the outlet, and of taking all 
legal steps necessary to enforce payment — that is to say, 
to recover all arrears, including interest at the rate of 5 
per cent per annum. In general, there shall be neither sus- 
pension nor delay of payment on any pretence whatsoever, 
and the competent authority shall employ in each case such 
proceedings against the lessees in an’cars as arc usually 
taken by the administration of the finances in like cases. 

“11. The administration reserves to itself thc^ight of 



DAMAGES NOT CLAIMABLE PROM THE STATE, 143 


closing the canals at the ordinary periods of each year, in 
accordance with tho notice it may publish to this effect, 
at which times all clearances or repairs of water-courses, 
whether public or private, should Jiave elfoct. 

“ 12. In the event of any breach of banks or failure of 
supply occuning on any of the royal canals, of such a 
nature as to require immediate repair, it shall ahvays be 
competent to the public administration to turn the waters 
at whiitevcr period of tho year tho accident may occur, 
and for whatever number of days the repairs may demand, 
without tho lessee having a right to claim under this pre- 
sent deed any compensation for damages nhatsoever, 

“ 13. The same rule shall hold good in the event of 
such an c.vtraordinary diminution of the volumes of the 
rivers Ticino and Adda, and conscqucutly in the supplies 
of the canals, as shall cause a dcficiouc^ of water for the 
ordinary puipose.s of navigation, and for outlets entitled 
to continued discharges ; that is to say, in such a case the 
administration shall have the power of dijuinishing, or even 
of entirely suppressing, the outlets entitled to continued 
discharge, until the water shall have returned to its normal 
level, without the lessee liaving any claim to compensation. 
The necessity for such steps ought, however, to be duly 
stated to the direction-general of public works ; and the 
precise extent to which it may be necessary to depress the 
hydrometric sluices, ought equally to bo fixed in presence 
of tho directing engineer of tho canals. 

“ 14. The lessee shall be bound to submit himself to 
all rules and regulations heretofore published, or which 
may hereafter be published, regarding tlio navigation, in 
so far as these shall have any special relation to the 
management of tho irrigation outlets.” 

It will be seen from these rules that the government 
reserves to itself very strict powers of interference and 
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control. Contracts under such conditions as the preceding 
last for any number of years; but the general limit is 
nine, as that is the usual period of agricultural leases 
thronghont tlic countiy. It is, in my opinion, too brief 
even for Lombardy, whether as concerns land or water ; 
and for India, the duration of the water-lease should 
correspond with that of the land, by lasting for at least 
thrice the time just specified. It is to be remarked that 
the government of Lombardy deals somewhat hardly M'ith 
the holders of leases under these rules, in cases of defect 
of supply in tlic rivers or canals. All claim for damages 
is barred, but no rcmiiisiou of water-rent, in proportion to 
tlie injury caused, is promised. It may possibly be given 
in practice, (although 1 am not aware that it actually is ;) 
but it would have been more satisfactory had the same 
open regard been shown for the interests of the comiiiu- 
nity as for tliose of the State. 

I may conclude this section by giving those articles of 
the law of the 20th of May 180(5, by which the general 
conditions of grants of M ater arc defined and regulated at 
the present time. 

“ Italian IIeoui.ation of the 20th May 1806, for 
IjiiiiOATiojj and the U.SE of Water in Works. 

" Title I. — Derivatiov^ of Wotfv fnmi Rivers, 'I'orrciits, 
and Ihiblic C'aruds. 

“ 1. No one can obtain possession of public waters, or 
erect Avorks on the same, without the investiture or gi’ant 
of the government. 

“ 2. The investiture or grant determines the quantity, 
the time, the manner, and the terms of the extraction, the 
passage, and the special use of the M'ater or the building, and 
establishes the annual payment to be made accordingly. 
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“3. Tlio arrangements of the preceding articles are 
not intended to injure the actual proprietors in the uses, 
buildings, and rights relating thereto, to which they enjoy 
a just title according to the laws and legitimate customs 
of their respective provinces. 

“ 4. No new grant can be made to the injury of the 
rights of others. These rights shall be guarded by ap- 
propriate limitations in all such grant.s. To this end tlie 
petitions for grants shall be published, and all parties 
interested therein .shall be heard, 

“ 5 . It is not permitted, under any pi'etcnco, to alter 
the outlets or fixed dams without tlie consent of the 
govenimcnt. 

“ 6. In derivations efl’oeted by tcmi)orary dams, all 
works should be approved by the euginecr-in-chief of the 
department, and reported to the direction-general. 

“ 7. The cugincei's-in-chicf are enjoined to take care 
that the waters granted for irrigation or hydraulic works 
be employed in all that affects the public interests, in 
accordance with the terms, obligations, and conditions 
imposed by the investitures or grant, s. 

“ 8. To this cud they shall have by them the register 
of the said gi*ant.s, &c. 

“ .9. If any one having a right to use water shall 
introduce any abuse, or neglect any duty connected there- 
with, the engineers are authorised to place things in their 
original condition, in accordance with the grants, report- 
ing their proceedings to the direction-general. 

“ 10. When disputes concerning water have reference 
solely to the interests of individuals, they shall be sub- 
mitted for decision to the ordinary tribunals. 

“11. When public interests arc concerned in such dis- 
putes, they are reserved for the consideration of the public 
administration.” 

von. II. K 
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These general rules, Avith the special illustrations pre- 
viously gii'en, will, I trust, be sufficient, to show how the 
government of Lombardy administers the waters of which 
it is the proprietor. I have not found any other details 
connected with the subject likely to be useful. 


SECTION II. 

luairr of passage, oit “ il dihitto d* acquedotto.” 

I have often already had occasion to refer to that riglit 
of passage which presents itself to notice at the very dawn 
of tlie existing legislation of Lombardy, and which for 
seven centuries has been regarded there as the princi- 
pal feature in the Maijna Charta of irrigation. .1 intend 
now to enter into sonve further details connected with it, 
as I am of opinion that its establishment, in clear form 
and just detail, would be of the utmost importance to the 
satisfactory development of irrigation throughout British 
India. It is not necessary for me to dwell on the history 
of the right, which, .as avc h.avc formerly seen, comes first 
into view in distinct form during the earliest years of the 
thirteenth century. The construction of the Naviglio 
Grande rapidly wrought marked changes on the land 
through Avhich it passed. Possession of its waters doubled- 
and tripled the value of the soil, and hence a universal 
demand arose for the facilities of cariying them to distant 
points. In its earliest form the right of passage was rude 
enough. It was granted on condition that a certain supply 
of water should be allowed to the proprietor of the land 
from the water-course traversing his property, in exchange 
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for the soil occupied by it, the use of which was tem- 
porarily lost by him. It is a ciuious circumstauce that 
this same method of compensation should present itself at 
a point so far distant as Northern India, where exactly 
tlic same idea originated on the first establishment of the 
rudely delincd right of passage which exists in that I’egion 
of irrigation. “ WJien the benefits of canal irrigation 
were better known and undcr.stood,” sa)'s Major IJakcr, in 
his Histoi'y of the Canals IIW of the River Jumnaf 
“ they became the object of desire to many villages which 
had no ancient water-courses ; and as these were, for the 
most part, at some distance from the canal, a necessity 
arose for arranging autlioritativcly, and once for all, the 
terms on which w'atcr-conr.scs might be cut through the 
lands of other villages, than those for whose use they w'ere 
intended. ITnder the arrangement proposed by Colonel 
Colvin, and sanctioned by the government, it w'as made 
compulsory on all villages bordering on the canal, to per- 
mit the cxcaA'^ation through their lands of such water- 
courses as should bo approved and considered necessary 
by the superintendent ; and any mllaye so intersected 
by a water-course was entitled to as much water as it 
could raise by one ‘ daid,’ (a large light wooden scoop 
used for raising water,) avoided by two men. No I’cmis- 
sion of land rcA'cnue was, I believe, made at the time, on 
account of land occupied as above described, (at least no 
report on the subject was made by the canal oflicers to 
the collector,) but it was duly considered in the present 
settlement, in which only cultivated and culturablc lauds 
were assessed.” This is a very curious illustration of the 
similarity of ideas that occur to jicoplc placed in similar 
circumstances ; for here we have an English officer propos- 
ing, and an English govenimcnt sanctioning, in the nine- 

* Memoranda on the Western Jumva Canals, p. 
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teenth ceutury, ideuticaJly that plan which was iu force 
ill Lombardy under like conditions, more than six hun- 
dred years before. 

'J'lie cstablisliment of the Naviglio Graude is represented 
in the old histories of irrigation to have boon so much an 
object of universal interest, that no proprietors of the 
lands bordering it ventured, for some years, to call in 
question the first rude methods by whicli they were com- 
pensated for the loss of such portions of their lands as were 
occupied by the water-courses of their neighbours. The 
irrigable country was at that period divided into a com- 
pai’atively small number of large iiefs, the proprietors of 
which seem to have succeeded in arranging amicably with 
each other for the circulation of the waters of the great 
canals. In cases where water was not allow'ed in exchange 
for the land occupied, it appears that, during the whole of 
the thirteenth and part of the fourteenth centuries, the 
compensation in money was practically limited to the 
simple value of the laud, though, as we have before scon, 
the ancient statutes authorised one-fourth in excess. As 
time passed on, however, the demand for water gradually 
increased, and the proprietors of the laud bordering on 
the canals generally began to find the repeated intersec- 
tions of their properties of serious inconvenience. Hence 
resistance to the further extension of irrigation became 
active — the right of private property was invoked in oppo- 
sition to it; and from the middle of the fourteenth to the 
commencement of the fifteenth centuries, disputes and 
litigation before the tribunals M'cro incessant. About the 
latter epoch the gi-eat fiefs had been broken up — the 
number of landed proprietors had become materially 
greater — rights were better understood, and their obser- 
vance more decidedly insisted upon. A more careful 
investigation of the principles of the right of passage was 
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accordingly forced on tlie government and the legislative 
tribunals, from the necessity which arose for lulling to 
rest these discontents. Tt became evident that, u-hile 
the utility of maintaining the right, when applied to such 
undertakings as involved the benefit of tlie entire commu- 
nit}', was incontcstible, yet modifications and limitations of 
it were just and necessary, when it was to bo enforced on 
behalf of works which were directly for the advantage of 
individuals, and executed, not at the cost of the State, as 
the representative of the public interest, but of these 
individuals, themselves. Into the latter class of works 
the element of public utility entered only in a secondary 
manner; and in i-cscrving to parties desirous of irrigating 
their lands, the right of carrying the water across the 
properties of others, the conditions were now enforced in 
favour of the latter of the payment of a certain sum in 
excess of the estimated value of the soil occupied, and 
compensation for all injuries caused. Such excess of pay- 
ment and compensation was restricted to the cases of 
imvatc works ; and thus, while that free circulation of the 
water was secured, without which no irrigation system can 
exist in efficiency, the sacrifice entailed on individuals was 
made as light as possible. 

The right of passage \vas held from its first origin to 
be a simple servitude, {servitu.) The payment of the value 
of the laud, with compensation for damages, and a certain 
fraction in excess, did not give to the proprietor of the 
water any right of property whatever in the soil forming 
the bed — that remained with the original landowner; and 
he continued to pay the land-tax and other burdens 
attached to proirrietorship, so that if by any accident the 
water-course ceased to be employed for a certain time, the 
channel reverted thereupon to the first proprietor, and the 
right of passage became extinguished. 
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It became further clear, that merely to secure the 
proprietor of the land from pecuniary loss was not suffi- 
cient. In fixing the directions of their irrigation channels, 
proprietors of water might be influenced by various 
motives ; they might desire to pass through land pre- 
viously irrigated, that they might have the benefit of 
infiltration or over land, where there were indications of 
subterranean springs, of the supplies from which their 
water-courses would have the advantage ; or they might 
wish to benefit one neighbour by carrying water near his 
land, 01’ to injure another by a contrary course. The 
govenimcnt saw that it would be necessary to place limits 
to this freedom of choice, and hence originated the rule, 
that, prior to any special direction being determined on 
for a watei’-course, evidence must be laid before the com- 
petent authorities, that the line selected was the least 
injurious to all parties concerned. It is true that the 
application in practice of this principle continued to be a 
matter of some difficulty, as the professional advisers of 
the diflercnt parties occasionally disagreed on details ; but 
generally its operation has been cficetive and beneficial. 
'J’he prohibition against mixing in a common channel 
waters appertaining to different proprietors,* of maintain- 
ing all works of intercommunication, of keeping new 
channels at certain distances from pre-existing ones, and 
other matters of detail, gradually gave more and more perfect 
form to the .seiwitude of water-passage, and relieved it from 
the objectionswhich from time to time were urged against it. 

The following arc the provisions of the Austrian Civil 
Code for the Lombardo- Venetian kingdom, in so far as 
they affect the right of passage for water : — 


* An ftnciciit dccinioii of tho senate of Milan on this point is thus Gxpi*cs8cd — 
Aquam diicere volenti, nemo tenetur daro proprios cavos sed de novo fieri 
dehent.” 
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“ CHAPTER VH.~OF SERVITUDES. 

“ 472. In accordance with the right of servitude, the 
proprietor of a thing subject thereto is bound to permit 
or to refrain from doing certain acts for the benefit of 
another. The servitude is a real right, which aifecla 
every proprietor of the thing subject to this servitude. 

"473. If tlic right of servitude is attached to the 
possession of an estate, for the greater advantage or the 
greater convenience of the same, it is termed a servitude 
of property, (servihi predMe.) In other cases the servi- 
tude is personal. 

“ 474. A servitude of property iinjdics two proprietors 
of estates, one subjected to, tlie otiicr in pos.scssion of, tlic 
right ; to the first belongs the suliject, and to the second 
the dominant estate. The dominant estate is designed 
either for rural economy or to anotlicr u.so.” 

Servitudes arc hence divided into rural and urban. 

“477. The principal rural servitudes are-^ 

“ 2. To water cattle, to draw water, to divert or to 
conduct it. 

“ 480. The title to a servitude is founded on contract, 
or on the disposition of a last will, or on the sentence of 
a judge pronounced on the division of a common estate, 
or, finally, on prescription. 

“ 482. It is the rule in all that regards a servitude, 
that the proprietor of the subject-estate is not obliged to 
do anything himself, but only to permit to another the 
exercise of the right, and to abstain from doing that 
which otherwise as proprietor he might do. 
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“483. Consequently, the party having the right of 
servitude is bound to preserve and repair the things sub- 
ject to the servitude, ri’ovidcd that if the proprietor of 
tlic thing subject to the servitude does himself make use 
of the same, he shall be bound to contribute proportion- 
ally to the expenses ; and he cannot othei^wisc free himself 
from this obligation than by surrendering the thing to 
him who has the right of servitude. Dissent on the part 
of the latter would not be sufficient to prevent this step. 

“ 484. The proprietor of the doininant estate can 
exercise, according to his free will, his peculiar right, but 
the servitude ought not to be cither extended or restricted 
more than is in conformity with its nature, and the end 
for which it was constituted. 

“ 4.‘>6. The right to draw water belonging to another 
involves the right of access to it. 

“ 497. Whoever has the right to bring M’atcr from the 
lands of another into his own, or to carry water from his 
own lauds across those of another, has the power of con- 
structing, at his own expense, the channels, the canals, 
and dams necessary to this cud. The extent to which 
these works may be carried shall be determined by the 
wants of the dominant estate. 

“ .'525. The servitude is interrupted if the subject or 
dominant estate perishes ; but if the estate or editicc be 
re-established in its primitive condition, the servitude 
recommences, without being in any way changed or 
diminished. 

“ 525. The servitude ceases when the subject and 
dominant properties are united in the hands of the same 
person. But if one of the united estates be alienated 
anew, without the record of the right of servitude having 
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been in the meanwhile legally effaced from the public 
books, the new proprietor of the dominant estate has the 
right to exercise the servitude.” 

I have thought it as well to give nearly all the articles 
of the Austrian code which affect the nature and exercise 
of the right of passage for water ; but, among these, the 
only one which enters into any kind of detail on the spe- 
cific conditions annexed to it is Art. 497. It will be 
seen, however, that this has none of the minute provisions 
Avhich had gathered round the right during the many cen- 
turies it had been freely exorcised by the people of Lom- 
bardy. In fiict, the agriculture and industry of the 
country ceased to possess, under the operation of the 
Austrian code, that absolute right of watcr- 2 )assagc which 
had formerly been attached to the legitimate possession of 
waters, from whatever sources derived ; and by conse- 
quence, the most serious inconveniences would inevitably 
have arisen, liad not the deep popular sense of the neces- 
sity for such free circulation tended to rectily the imper- 
fection of the laws. The attachment to the custom was 
so firmly rooted in the national mind, that but few cases 
arose in which the passage was denied to parties desirous 
of obtaining it. A few such cases, however, did arise, 
and were followed by legal proceedings, which forced on 
the notice of the administrative authority the error that 
had been made in leaving so open to doubt all the main 
points connected with this right. Among these cases, the 
most important was one instituted by two brothers Sor- 
mani against the Marquis Cagnola, of which the details 
are given by Romagnosi, {Trattato della Gondotta delh 
Acque, vol. i., p. 697-709.) A brief outline of the case 
may perhaps be interesting, as illustrating the re-establish- 
ment of an important principle in the legislation of irri- 
gation in Lombardy, The brothers Sormani claimed the 
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right of traversing a property of the Marquis Cagnola, which 
was surrounded by waters derived from springs on their 
estate in the district of Cernusco and province of Milan. A 
long discussion was, in the first instance, held between the 
opposing parties and their respective engineers, as to the 
line of direction the proposed water-course should follow, 
there having been a disposition to arrange the passage 
amicably, if possible. Matters, however, became so much 
embroiled, that, from disputing the mere direction, the 
Marquis Cagnola questioned the right of passage alto- 
gether, holding that, by the civil code of Austria, a servi- 
tude of this kind could only be established by contract, 
by the dispositions of a last will, by the sentence of a 
judge on the division of a property held in common, or, 
finally, by prescription ; on no one of which bases could the 
brothers Sormani found their demand. The letters-patent 
accompanying the civil code had declared all other laws 
whatsoever abrogated, unless they had been specially 
maintained by imperial decree ; and hence the ancient 
statutes and the modern laws of the kingdom of Ttaly 
were held to be alike null and void. The case was, in the 
first instance, tried before the civil tribunal of Milan ; and 
by a decree of this court, under date the llth June 1819, 
it was declared that the law of the 20th of April 1804 
had not been abrogated I»y the publication of the civil 
code of Austria, but that its provisions were still appli- 
cable in all matters concerning the use of water in agricul- 
ture and industry. The tribunal held that the Austrian 
code regulated the exercise of the private rights of citi- 
zens in their different relations to each other, but that 
there was not reason sufficient to conclude that the legis- 
lature contemplated, by its publication, the entire abroga- 
tion of all pre-e.visting laws which regulated the wellbeing 
and the economic organisation of the State in its relations 
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to the rights and pririleges of private parties. Hence it 
ruled that the laws of the 20th Apiil 1804 and 20th May 
1806, as tending to regulate the exercise of individual 
rights in relation to the interest of the community and the 
public good, should be considered iu full force in the 
absence of any special act of abrogation. The brothers 
Sormani accordingly obtained the right of passage across 
the lands of the Marquis Cagnola under the provisions 
of the laws in question. 

This decision was then earned before the imperial 
and royal court of general appeal iu Milan, by which it 
was reversed, and the right of passage was altogether 
denied. The grounds of the new decision were, that the 
imperial patent of tlie 28th September IS 1.5, in referring 
to that of the 1st June 1811, declared that the Austrian 
code should form the sole and single rule for all the pro- 
vijiccs appertaining to the government of Milan, iu substi- 
tution of all other laws or statutes whatsoever ; tlnit by 
article 10 of the said code all common customs were 
abolished, except in cases where these were referred to iu 
the laws ; that by article 1 1, oidy such statutes of single 
provinces should have tiie force of Ian s as were expi'cssly 
confirmed by the legislature ; that by the patent of the 
1st Juno 1811, various pre-existing statutes had been 
declared iu full vigour, but that among these the agrarian 
regulations as concerned waters were not included ; that 
to maintain the laws of 20th April 1 804 and 20th May 
1806 in full force, involved such an interference with the 
right of private property, as defined by articles 354 and 
362 of the code, as would require an express confirma- 
tion of the supreme authority ; that for objects of declared 
public utility alone could individuals be deprived of any 
portion of their private properties ; and that, in the present 
case, the object was not of this nature. The Marquis Cag- 
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nola was accordingly absolved from the sentence of the civil 
tribunal of first instance ; and it was decided that the pas- 
sage across his land could be granted only at his own will. 

The matter was not, however, allowed to rest here. 
The local administration saw clearly that to abrogate the 
right of passage was to inflict a severe blow on the agri- 
cultural and industrial interests of the country ; and it was 
therefore determined to cari'y the case finally before the 
Aulic council of Vienna, so as to obtain the highest autho- 
rity for its ultimate decision. This tribunal, by a decree 
under dale the 17Lh August 1820, reversed the decree 
of the court of appeal, uplield that of the civil tribunal, 
and declared the laws of the 20th April 1804 and 20th 
May 1806, in full force. In the exposition of the grounds 
on which its decision was based, the Aulic council remarks — 
“ Jiunning waters are in this region the necessary aliment 
of the soil — they increase its fertility, and they insure its 
products. To them are due those returns, of which, in 
defect of rain, agriculture would be wholly deprived. 
When water is thus useful, and contributes thus power- 
fully to the increase of the products of the soil, we can 
entertain no doubt as to the influence M'hich its employ- 
ment exercises on the public good. The now civil code is 
in no way opposed to the rccuiTcnce on special inattera 
to pre-existing administrative regidations. But agincul- 
turc on the one hand, and the usages connected with 
running waters on the other, occupy an Important place 
among such specialities ; hence the promulgation of the 
new lau’ has in no degree abrogated tlie laws and statutes 
connected therewith, which ought, according to the teims 
of the Austrian code itself, to remain in force, so long as 
they are not formally abrogated.” 

A special notification of the government of Milan, under 
date the 25th July 1825, is to the following effect 
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“ It is ordered that the Italian laws of the 20th April 
1804 and the 20th May 1806, shall have full force in 
all matters connected with the legal servitude of the 
passage of water.” 

This question Jiaving been thus finally and satisfactorily 
decided, and the right placed on the old basis, I may now 
give the articles of the law in question, whereby its 
exercise is defined and regulated at the present time. 

“Law of the 20th April 1804. 

“Art. 51. — Every individual is bound to cede the land 
necessary for the channels, the rectifications of the direc- 
tions, the alteration of the courses, or the embankments 
of rivers, canals, or public drainage channels ; and, in 
general terms, for all w'orks connected with w’atcr, which 
arc designed for the public good, receiving compensation 
for the same at a reasonable rate. 

“ .52. Whoever desires to make use of waters, public or 
private, of which he is the legitimate proprietor, for pur- 
poses of agriculture, or for the movement of machinery 
and hydraulic works, may carry them across the lands of 
others, paying the value of the soil occupied by the water- 
course, according to an estimate of the same, with one- 
fourth in excess ; and coming also under an obligation to 
maintain the water-course, banks, works, &c.; and further, 
to indemnify the proprietor of the land for all damages 
whatsoever which the said land may sustain, 

“ 53. Such water-courses should bo carried across that 
portion of the estate where, according to the judgment 
of practical men, the least possible injury shall be caused 
to the projirietor or possessor, reference being always had, 
however, to the convenient derivation of the water. 

“ 54. Lower lands are bound to give passage to waters 
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flowing from liighcr levels. In addition to the obligations 
imposed by the preceding articles, tho proprietor of the 
upper lands is bound to defray the cost of such drainage 
channels as may be necessary ; and of such works of 
defence as may be required to protect the lands through 
which the w'atcrs pas.s, as also to repair any damage which 
at any time the said lands may sustain. The preceding 
article docs not alfcct special agreements between pro- 
prietors, nor rights of servitude legitimately acquired.” 

Tho only addition made by the law of the 20th May 
1806 to these rules is the following ; — 

“Art. 16. — Whoever desires to introduce water into a 
public canal, with the view of extracting it again at a 
lower point, shall submit his claim to the direction-general. 
This will bo decided in accordance with Art. 4, {i.e. so 
as to cause no injury to the rights of other parties.) 
Objections to this arrangement shall be disposed of by 
the public administration.” 

This article forms the sole reference to the use of pre- 
existing canals which I have found in the present legisla- 
tion of Lombardy : it restricts such use to the case of 
public canals only, and I believe no private w'ater-courses 
larc ever now subjected to any such claim. We shall 
hereafter find that the I’icdrooutese have arranged this 
point admirably, but in Lombardy it is still less clearly 
defined than it ought to be. 

I have had occasion to refer to the importance of 
surplus irrigation waters, or colature, to the agriculture of 
Lombardy ; and I may state here that it has been estab- 
lished by judicial decisions, that parties possessing legiti- 
mate rights to such waters, may claim the same privileges 
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as belong to original derivations from rivers, canals, or 
springs. In a word, the right of passage is applicable, 
with entire generality throughout Lombardy, to all waters 
legitimately possessed, from wdiatem’ sources they may 
be obtained ; and so long as the conditions prescribed by 
law are complied with, their circulation is free and facile. 
Nothing contributes so much to this most valuable result 
as the higli character and qualifications of that immense 
body of hydraulic engineers wliich has been created by 
the general development of the system of irrigation, and 
its intimate relations wnth the rights of property and the 
progress of improvement. It is to members of tin's pro- 
fession that all those questions connected w ith compensa- 
tion, whether for the soil occupied or the damages caused 
by the W'orks, with the lines of direction which channels 
should follow, so as to cause the least possible injury, and 
all other particulars of like character, arc referred. The 
judicial authorities base their decisions in all questions of 
hydraulic art on their evidence ; and under the general 
name of pe?iti, w^e find them holding an important 
position in the whole course of the legislation of irriga- 
tion, from the earliest times to the present day. The 
discharge of the duties required at their hands is always 
delicate and difficult, but as a class they arc universally 
respected for general efficiency, good faith, and profes- 
sional honour. I owe so much to the kindness of many 
among them, that I may be permitted to bear my testi- 
mony, in passing, to their w'orth and ability. 
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No universal rule has yet been established in Lom- 
bardy for the measurement and division of water in 
irrigation. It is not necessary that I sliovdd trace again 
the history of the cflorts M’Jiich, at various times and 
under various fortunes, have been made to introduce such 
a rule. In the history of the great canals of the Ticino 
and the Adda, I have given suflicient details of tlie diffi- 
culties which have hitherto prevented the establishment, 
either of a general unit of measure or of a definitive 
measuring apparatus. The existing legislation on the 
subject is embodied in the following articles of the law of 
tlie 20th May I80G : — 

Art. 13. Pending the establi.shmcnt of a uniform 
measuring ajuiaratus, {modulo,) and a unit of measure for 
the public waters, rcgidatcd outlets {bocclie modellaie) 
shall be constructed in the forms and with the dimensions 
in use in their respective districts. 

“ Id. For all such localities as possess no measuring 
apparatus, the direction-general of public works shall 
prescribe one suitable to the circumstances of the places 
and of the canals. 

“ Where it is necessary to divide waters, the division 
shall be effected after the manner and under the condi- 
tions which may be prescribed by the direction-general of 
public works.” 

Each province, therefore, continues to use its own 
measure, under the general control of the direction of 



FORM OP A LEASE FOR WATER IN PERPETlllTY. 161 


public works, and outlets are regulated in the Milanese 
according to the form of the modulo magistrale ; in 
Mantua, according to the quadretto Mantovana ; in 
Verona, according to the quadretto Veronese ; and in 
Lodi, Brescia, and Bergamo, according to the local forms 
of these provinces. As I have already described all of 
these forms in the chapter on the methods of measuring 
waters in use throughout Lombardy, it is not necessary 
to say anything more about them here. 

Tn illustration, however, of the manner in which the 
contracts are generally made under existing arrangements, 
1 may give in this place a translation of one for the per- 
petual lease of a certain volume, say 1 cubic foot per 
second of water, for summer irrigation. 

Titi.k . — Leone for 1 r nhic/oof of Summer Water 
in J^erjief ii it y. 

“ In virtue of these presents, which shall have force 
and value as a public and authentic act, A conveys, and 
has conveyed effectively, under the title of a perpetual 
lease to B, who accepts it for himself and his heirs, the 
right to 1 cubic foot per second of water, derived fi’om 

the canal M , of which he. A, is the proprietor ; this 

volume of water being delivered, as is explained hereafter, 
for the irrigation of the property of B. 

“ In addition to the rent or perpetual payment, which 
shall be £26 yearly, he shall pay, once foi‘ all, tlie sum of 
£100, in satisfaction of the right of entry, which sum 
A acknowledges having already received from B for this 
object, granting hereby a receipt for the same. 

“ The present contract of perpetual lease is made and 
accepted bctw'ecn the parties above named, under the 
clauses, charges, conditions, and obligations hereafter 
specified : — 

VOL. II. 


L 
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“ 1. The delivery of 1 cubic foot per second of water 

shall be made from the canal M . During summer 

the discharge of tliis water shall be constant from the 
10th of April to the lltb of June of each year. From 
the last-mentioned date to the 15th September, B shall 
have, during forty-two hours, the enjoymeut of a volume 
equal to four times the lirst-mentioned quantity, or 4 
cubic feet per second, in a rotation of seven days ; with 
the exception alwjiys of forty-eight hours in every twenty- 
eight days, during which time it is customary to effect the 
clearance of deposits from the canal itself. Dui-ing win- 
ter the original quantity of 1 cubic foot per second sliall 
How constantly from the lOtli of October to the 15tli of 
March of tlie following year; Avith the reservation, tliat 
at two periods of the year — that is to sfiy, between the 
15th of March and the 10th of April, and between the 
1 5th September and the 10th of October of each year — 
the complete clearance and repairs of the said canal shall 
be executed according to the pi’actice now in force. 

“ 2. The enjoyment of the volume of water appro- 
priated to B, for the times and after the manner above 
proscribed, shall commence from the 10th of April next, 
to continue for ever without interruption. 

“ 3. The modvlo by which the quantity of water shall 
be measured at the different periods above specified, shall 
be constructed in masonry, of bricks or cut stone, follow- 
ing the muffintral form ; but the chamlxjrs which are 
attached to it shall bo complete or incomplete, covered or 
open, according to the ivill of B and his representatives. 
The hydromctric sluice ('paratojaj placed at the head of 
the modulo, shall be provided with a chain and padlock, 
of which the key shall be lodged in the hands of the 
guardian appointed by the proprietor of the canal. This 
modulo shall be established and maintained in repair by 
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B in sncli manner as that it shall have a total discharge 
of 4 cubic feet per second; it being, however, clearly 
understood, that in spring and winter, when the discharge 
is limited to 1 cubic foot per second, according to the 
preceding conditions, the opening of the modulo shall be 
reduced accordingly. 

“ 4. Shoidd it so happen that by any accident, such as 
breach of embankments, or by any other cause indepen- 
dent of the will of A and his agents, a deficiency of water, 
either entire or partial, shall occur, neither the perpetual 
tenant of the water, nor his administrator, shall have any 
right to refuse payment of the money-rent agreed upon, 
provided ahvays that this want of water shall not last 
longer than throe entire days : if this period bo exceeded, 
the proprietor of the canal shall be bound to compensate 
for the deficiency, b}' siqiplying to the tenant, Avhen the 
canal reaches its usual level, the entire quantity of water 
of which he may have been temporarily dcprii’cd. 

“ 5. The tenants of the water, and every other person 
whatsoever, are exprcs.sly forbidden to interfere in any 
way with the modulo, or with the outlet of the water- 
course, or with any of the works dependent upon these, 
or with the canal itself, under penalty of having to repair 
all damages to which such acts of violence may give rise. 
B shall be at liberty to institute an examination of the 
aforesaid modido by a professional man of his own choice, 
who will act in co-operation with the engineer of the 
canal, to the end that the entire regularity of the work 
may be ascertained. 

“ 6. The repairs of the canal and its w'orks of art, with 
the general and partial clearances it may require, shall 
continue to be effected at the cost of A, the proprietor of 
the said canal ; but the same kind of works which may 
be executed on the channels or irrigating courses situated 
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below the modulo at the head, shall bo at the charge of 
B. Whatever changes of volume may occur in the supply 
of water below tlic same point, shall be to the profit or 
loss of the same party. 

“ 7. The payment of the perpetual rout, fixed above at 
^26 yearly, shall be made during the month of June of 
each year, commencing with the year now current. 

“ 8. The payment of the said sura, or its redemption 
in tci’ras licrcaftcr specified, shall always have effect in 
Milan at the dwelling-house of A, in true coin of gold or 
silver current in the realm, according to the terms of the 
Austrian civil code, to the exclusion of all paper-money, or 
other representative sign of ready money, even when such 
paper-money may be sanctioned by the law. In the event 
of B or his representatives persisting in paying the whole or 
any part of the sums due by them in paper cuiTency, A and 
his representatives shall have the riglit of closing the outlet 
of distribution, and of refusing to grant it again to B. 

“ !). iTi ease cither of actual disputes, or of the occur- 
rence of circumstances whence these might arise, the 
tenant shall have no right to delay the payments stipu- 
lated above. He shall not have the right of even com- 
mencing any action at law against the proprietor of the 
canal, until he shall have certified beforehand that he has 
paid exactly all the claims which were due by him. In 
the event of the tenant being in arrear more than a month 
in fulfilling the stipulated obligations, the proprietor of the 
canal, or his representatives, shall have power to close, and 
to keep closed, the outlet at the head during the whole 
time that the delay in payment of the amount due may 
last ; and the tenant shall be not the less bound to pay 
the full amount of the ordinary rent, without any deduction 
on account of the time during which he may have been 
deprived of the water under the operation of this article. 
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“ ] 0. The tenant shall hare the power of redeeming 
the annnual payment stipulated above, by giving the pro- 
prietor of the canal three months’ notice of his desire 
to this effect, and by paying one hunilrcd pounds of 
capital for four pounds of rent. The redemption may be 
partial, provided always that the portion to bo redeemed 
shall not be less than onc-tliird of the total annual water- 
rent, and that the payments shall bo made in the manner 
above proscribed. 

“11. In all matters connected with this contract, the 
contracting parties agree for themselves and their heirs to 
submit to the jurisdiction of the judges and tribunals 
sitting in Milan, as being the place where the payment 
for the W'ater granted i.s to be made, in accordance w^ith 
article 25 of the decree of government, dated 20th Sep- 
tember 1819. 

“ 12. The present agreements and obligations bind the 
contracting parties, and their heirs and successors, and 
such parties as become debtors liy delay in payment of 
the rent stipulated, to submit themselves to all the condi- 
tions above made and provided for this contingency. 
The expenses of the preparation of this deed, and of the 
authentic copy thereof to be delivered to A w'ithin a 
fortnight, shall be at the sole charge of the tenant.” 

A special agreement of this kind will probably give a 
clearer idea of the course actually folio w'cd in the practical 
division and distribution of the irrigation waters, than any 
other method. There is, of course, modification in detail 
among the immense numbers of such contracts yearly 
made — occasionally, instead of the magistral form of 
measuring apparatus being prescribed, a certain sum per 
pertica, or other superficial measure of land, forms the 
basis of the contract ; or in the case of rice-lands, the 
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proprietor of the canal agrees to furnish the full supply 
of water necessary, on receiving a certain specified pro- 
portion, generally one-fourth of the gross produce. For 
ordinary irrigation the contracts describe, in clear detail, 
the different pieces of land for which water is required, 
noting their position, their superficial contents, and other 
important points, all of which have to be verified and 
certified by a surveyor appointed by the proprietors of the 
canals. The usual period of rotation of fourteen days is 
held to bo implied in all contracts of this kind, unless 
express stipulations are nitadc for a different one. 

For rice-lands the proprietor of the canal, or his agent, 
binds himself usually to supply the water necessary to 
place and to maintain in the requisite state of inngation 
the lands, as described in a special statement annexed to 
the agi'comout. The principal conditions of the bargain 
are generally, that all the works undertaken shall be sub- 
jected to constant superintendence by a practical man, 
nominated by the proprietor of the water ; that the 
seed shall be funiished by the saiil proprietor, and that 
the water -rent in kind, consisting of one-fourth of the 
gross crop shall be paid, independently of the seed which 
is to be returned each year to the proprietor, and on no 
account to be included in the calculation of the gross pro- 
duce. The proprietor of the canal also reserves to him- 
self the power to break the contract, if, on experience, it 
be found that the land is essentially unfit for rice-culti- 
vation, from excess of porosity or other causes. It is 
further usual for the proprietors of the rice-lands to agree 
to pay a small sum of money in addition to the quarter 
of the produce, as cost of superintendence. 

The example 1 have given is a fair general type of the 
ordinary agreements ; but there is one point of some 
importance omitted in it. This regards the disposal of 
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tlic surplus watere, the right to which is almost invariably 
reserved to himself by the proprietor of the canal. This 
is usual in all ordinary irrigation ; but I believe it is never 
otherwise in irrigation of rice-lands, where such surplus 
waters, or colature, are of largo volume, and generally 
possess very fertilising properties, from holding manure of 
various kinds in suspension. 


SECTION IV. 

DEIilVATIONS Of WATER FROM SFRINT.S, (fOSTANIEI-SOUOENTI.) 

The common origin, in the gi'cat water-bearing stratum 
of light sand or gravel which underlies the surface-soil of 
so large a portion of the plain of Lombardy, of that im- 
mense number of natural s})rings whoso waters have been 
pressed into the soiwicc of irrigation, led at a very eai-ly 
date to precautions being taken to protect the interests 
of their respective pro])rictors. It was soon observed that 
new springs, opened in the vicinity of pre-existing ones, 
drew away from these latter a portion of their volume. 
Water-courses similarly opened were found to have a like 
effect, and proprietors of land were not long in availing 
themselves of such experiences. Among the earliest of 
the statutes of Milan, we find (cap. 242) one to the fol- 
lowing effect : — “ In future, no one shall be permitted to 
establish a spring-head (testa di fontana) within a less 
distance than 8 trahucchi (67.88 English feet) from the 
bank of any public river. The party breaking this law 
shall be subject to a fine of 100 imperial lire) to be ap- 
propriated, ipso jure, to the commune of Milan, and shall 
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furtlier be compelled to re-establish the locality in its 
original state at his own expense.” Following this, (cap. 
243,) we have another, prescribing that “ it shall not be 
permitted to form a new spring within a less distance 
than 300 braccia (493.6 English feet) of any fountain- 
head or spring of water {testa di foidana e sorgente di 
acqua) previously existing, under a penalty equal to that 
fixed by the foregoing statute.” 

The legislation of modern times has discontinued the 
prescription of specific distances, more judiciously leaving 
these to be determined by the evidence of practical men 
in each particular case, according to the peculiarities of 
soil, depth of the spring.s, and other physical circum- 
stances likely to influence the question. The law of the 
20th April 1804 on this point is to the following 
effect : — 

“ Art. 55. It is forbidden to excavate or open springs, 
or heads of springs, water-courses, and channels ; as also 
to deepen or increase the dimensions of excavations, or 
springs actually existing, in the vicinity of rivers or canals, 
within the distances which, according to the judgment of 
practiciil men, could lead to injury to the rivers or canals, 
or to their banks.” 

The law of the 20th May 1806, in extension of the 
preceding, provides thus in Art. 12 — “ Saving the pre- 
scription in Art. 55 of the law of the 20th April 1804, 
it is permitted to every one to excavate springs on his 
own land, and to conduct the same, respect being always 
had to any rights which other parties may possess.” 

The distribution of water, whether from springs, canals, 
or rivers, when regulated by horary or diurnal rotation, 
is invariably the subject of special agreement, in which all 
the details of time and quantity are carefully noted. I 
have already given in a previous part an example of this 
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form of distribution ; and as there is no special legislation 
connected with the subject, I need not now enter into 
anj further details regarding it. 


SECTION V. 

fiK-NEHAL .\n.\UNlSTIlATION AND POI.K;K. 

In dealing with the waters of the country generally, 
the government of Lombardy appears to have found it 
most cfFcctivc and convenient to organise local associa- 
tions of tlio parties specially interested in these, and to 
vest in such bodies certain powers of self-administration 
through tlie agency of elective councils. This associative 
principle dates from a very early period, in the Milanese 
especially, and some of the existing corporations trace 
their origin to the commencement of the tAvelfth centnry. 
They have held together during the various convulsions 
which have disturbed the country, and their rights and 
privileges have always been respected under all the dif- 
ferent governments which have succeeded each other in 
this region. There are no points of special interest con- 
nected with the ancient orgauhsation of these associations. 
The rules of the whole arc now founded on the general 
provisions of the laws of the 20th April 1804 and 20th 
May 1806, whidi, although originally designed to regu- 
late societies formed for purposes of draimigc and general 
improvement, wxre declared by the Aulic Council, in a 
despatch dated 28th September 1837, to be equally ap- 
plicable to associations for irrigation duly authori.sed by 
the supreme authority. At present, both in the Lombar- 
dian and Venetian provinces, societies may be constituted 
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for every purpose connected M’ith the use or control of the 
Tvatere for drainage, for irrigation, for maintenance of the 
embankments of the rivers, for improvement of marah- 
lands, wlietlicr by removal of the water, or by warping 
(co/mala) for macliiuery, and for sanitary purposes. I 
propose, accordingly, to give in this section the general 
provisions of the laws by which the organisation of these 
societies is regulated, and to illustrate them by examples of 
their application in special cases. This appears to mo to 
be the best plan I can adopt, to exhibit the interior ma- 
chinery of a system M’hicli has a special interest in con- 
nection with the irrigation of Nortliern India, from our 
having found, in tlie same associative principle, our most 
powerful means of developing the capabilities of our 
irrigating canals in that region. 

“ I. Oiycm imtim of the Assoemtione. 

“ 1 . All proprietors interested in special hydraulic 
Avorks shall be fonned into such number of associations as 
may best suit their common interests and the teiritorial 
divisions of the kingdom. 

“ 2. All existing associations shall bo preserved, 
with such modifications or additions as may appear 
desirable. 

“ 3. The list of associations shall bo definitively pub- 
lished diu’ing the course of the following year. 

“ 4. The associations arc subjected to the control of 
the prefecture, and shall exercise their functions according 
to such ndes and regulations as may be prescribed by the 
superior authorities.* 

* Decree of 6th Moy 1806, Arts. 71, 72, 73, 74; Decree of 20th May 1806. 
Translation from the llaccvlUt di Lfggii d-c., dcUe Acqac e Strade del Segno 
tV Italia. Milano, ItJOG. 
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5. The properties benefiting by one drainage or 
irrigating canal constitute a district, {comprensorio.) 

“ 6. All the proprietors of estates situated witliin a 
district constitute an association, {societa.) 

“ 7. If the extent and circumstances of a canal should 
so require, it may be divided into several sections ; each 
section may have its own district, and each district its 
own association. 

“ 8. Each association shall be represented by a delega- 
tion. 

“ 9. The number of delegates shall bo determined by 
the direction-general, in proportion to the wants of the 
district. 

“ 10. Tlic proprictoi’s in each district shall nominate 
the members of the delegation by ballot. To this end 
the prefecture shall convoke the proprietors at a specified 
time and place. The assembly shall be presided over by 
the prefect, the vice-prefect, or one of their deputies. 

“ If the number present slndl not equal a third of the 
total number of the proprietors, those actually present 
shall select the delegates from three lists composed of 
the larger proprietors. 

“11. One delegate shall be removed from tlio delega- 
tion biennially. The retiring delegate shall be selected 
by lot from among those first elected ; afterwards the 
senior member shall retire. 

“ The retiring delegate may bo ro-elccted indefinitely. 

“12. The delegation has a president, whose tenure of 
office lasts for one year. All the delegates succeed to the 
presidency in due order. Among those first elected, the 
majority of votes in the election shall regulate the order 
of succcs.sion. Subsequently, the inilc of seniority shall 
be observed. 

“ 13. The delegation shall determine the days of its ordi- 
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nary meetings. The prefect, the vice-prefect, and the 
president, can, on necessary occasions, summon extraordi-. 
nary meetings. The president shall cause the decisions 
of tlie delegation to be executed in all eases where no 
special member has been nominated for this purpose. 

14. The ordinary duties of tlie delegation are to super- . 
intend the canals with their outlets and banks, as also the 
woi'ks of such other canals as may traverse or surround 
their district, to maintain all these in repair, and to 
collect the funds necessary for these objects. 

“ 1 5. Tlie delegation shall decide on all mattei’s within 
its powers by simple majority of votes. 

“ 1 6. When new projects interesting to the entire 
district come under discussion — such as the construction 
of new canals, the enlarging or prolonging of old ones, 
the formation of outlets or tunnels under rivers, or similar 
works involving extraordinary outlay — then the whole of 
the proprietors of the district shall be convoked, and shall 
proceed to the election of as many extraordinary as there 
are ordinary delegates. 

“17. The union of the new with the old delegates 
forms an extraordinary delegation, which shall decide on 
the proposed works, aud the means of executing them. 

“ 18. The result of the deliberations of the extraordi- 
nary delegation shall be submitted for approval to the 
direction-general. On the works and means of execution 
receiving the approval of the superior authorities, their 
completion is intrusted to the ordinary delegation. 

“ 19. Each delegation shall hare an accountant and 
a cashier. 

“ 20. In such districts as have relations with foreign 
powers, the conventions and customs in present force 
shall continue. 

“ 21. In eases of new canals, or improvements of land 
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by drainage or wai^ping, the districts and associations 
shall be formed in accordance with the foregoing rules. 


“ II . — Superintendence of the Canals^ Outlets, and Embank- 
menfs helonjfimj to a District, 

“ 23. There shall be nominated, for the superintendence 
of tlic canals, outlets, and embankments belonging to a 
district, such number of guards (custodi) as the delegation 
may consider necessaiy. 

“ 24. The delegation shall prescribe the police rules 
for the regular protection of these objects. 

“ 25. The ordinary engineer shall visit triennally, and 
oftCTier if requisite, all tljc canals in his department ; he 
shall then examino the interior condition of all the fixed 
works, note their wants, defects, or abuses, propose to the 
delegation tlie appropriate repairs, and sliall inform the 
enginecr-in-chief of tlie whole, who Avill then report to 
the direction-general. Should the delegation not be pre- 
pared to execute the woiks suggested, the engiuccr-in- 
ordinary will report accordingly to the cnginccr-in-chief, 
who will then submit the question to the direction, with 
his observations and opinion upon it, for the decision 
of the superior authorities. During such visits the condi- 
tion of new land-improvements {honificazioni) should be 
especially noted. 

“ 26. In times of floods, or inroads of the waters, tho 
extraordinary guard reserved for such occasions shall be 
bound, in operating on any works belonging to any 
particular district, to act in accordance with the wants 
and usual customs of the localities. 
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“ III. — Trorfoj cimnected toith the CarutU of Drainage. 

“27. With the view of showing clearly the interior 
condition of the principal canals, fixed marks shall be 
established at every 1400 feet along their banks, on which 
shall be shown the depth that each section of the 
channels ought to have. This depth shall be shown in 
local measures, with tlie equivalent Italian measures, on 
each of the marks above referred to. 

“ 28. Each delegation shall fi.x a certain minimum 
depth for each canal within its district ; and wlicn filling- 
in above tliis line takes place, recourse should immediately 
be had to excavation. The depth in question shoiUd be 
approved of by the enginccr-in-chicf. 

“ 29. The clearances of the canals should be eflcctcd 
twice a-year, at least. 

“30. Should it happen that by any river breaking its 
embankments, portions of canals arc blocked up, the 
delegation should instantly re-establish the same. 


“ IV. — DisiributioH and Itcalimtion of ihr Eii-peiurdure. 

"31. A preparatory estimate of the cxjicnsc required 
for the public and communal canals included Avithin a 
district, shall be made by an engineer or other qualified 
party. The same course .sliall be folloAvcd in all cases of 
extraordinary Avorks. 

“ 32. The delegation shall prepare annually an assess- 
ment list, the bases of which shall be the amount of 
annual public burdens on each property, and the estimates 
of the probable expense required for the Ai'orks, as given 
by the engineer. 

“ 33. This assessment list shall be submitted for the 
approval of the prefect, who shall foiward the same for 
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tlic consideration of the Magistracy of Waters. On re- 
ceiving the sanction of the pi'eceding parties, the assess- 
ment shall be enforced according to existing agreements 
and customs. 

“ 34. Where no special agreements or common customs 
exist, the proprietors subject to the assessment shall be 
aiTanged in different classes, according to the amount of 
benefit they derive respectively from the works. 

“ An engincer-iu-chief, selected by the president of the 
delegation, shall propose tlic classification of the proprietors 
and the different proiiortions in which the separate classes 
shall contribute to the expenses. 

“ This proposal shall be made public, so that the pro- 
prietors may present any objections tlicy may have to it 
before tlic Provincial Delegation, within a term to be fixed 
by this body. The Ih'ovincial Delegation,'' with the con- 
cuiTenco of the Provincial Congregation,^' shall report on 
the case to the government. On receipt of the approval 
or alterations of the suiierior authorities, the quota fixed 
for each class of proprietors shall be distributed among 
the individuals composing this class, in ju’oportiou to the 
I'cvemic-survcy valuations {in rwjionc del valwe catas- 
irale) of their respective properties. 

“ 35. In collecting this assessment, the cashier sliall 
exercise the same powers as arc prescribed by the laws 
for the collection of the direct taxes. 

“ 36. The fines imposed on parties breaking the existing 
regulations belong to the association, and shall be lodged 
in the treasury of the same. Whatov'cr other profits may 
in any way accnic, shall be similarly deposited in the 
treasury at the disposal of the delegation. 

“ 37. The cashier shall make payments on orders 

* These are local bodies, cstTblishod in eneb province for Iho managoTnent of 
its internal aliaii’S, a.s connected with i*oads, bridges, canals, &e. 
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signed by the president, one delegate, and the accountant, 
lie ought to be required to furnish a sufficient amount of 
security. lie is appointed by the presiding body on its 
own rc.sponsibility. The entire amount of each rate im- 
posed shall be placed to his debit five days after it has 
become due, whether it has then been received by him or 
not. 

“ 38. At the end of each year the superintending body 
shall present to the provincial delegation the accounts of 
the expenditure, with a statement of the debits and credits 
of the treasury ; and when these have been approved by a 
vote of tlje provincial congregation, they shall bo published, 
and a copy forwarded to the government. 

“ 39. In case of several channels, which cannot conve- 
niently be included within one district, having a common 
escape-canal or other works, the expense required for the 
protection and maintenance of the said works shall be 
divided among the districts using them, in proportion to 
their respective interests in them, excepting always any 
agreements in force to a diftcrent eficct. 

“ 40. If the defence of an embankment concerns several 
districts, the ex])ensc of repairing it shall be divided among 
them according to their respective interests, saving agree- 
ments in force to the contrary. 

“ V. — General Arrmu/ctnenfa. 

“41. Associations of proprietors interested in drainage, 
land-improvement, or irrigation, arc subject to the inspec- 
tion of the Provincial Delegations, and are placed under 
the gnanUanship itutcla) of the political administrative 
authority. They exercise their duties according to the 
rules and regulations pi’cscribed by the superior authority. 

“ 42. All works appertaining to associations shall be 
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made by regular contracts. To proceed otherwise, and to 
execute the works by daily labour, (per cconomhij requires 
an express order from the government, who will decide on 
the case and the necessity. In contracting for the annual 
repairs of the works, the contracts shall be made for nine 
yeara. The government may alter this arrangement under 
special circumstances. 

“43. The channels shall be furni-shod, not onlv with 
the appliances necessary for opening or closing them with 
facility, b\it also with supplies of all the materials which 
may be required to strengthen and protect them in time 
of floods. All arrangements that concern the defence of 
embanked rivci’S arc under charge of the engineer-in-chief 
and his subaltcnis. 

“ 44. Where the respective titles do not otherwise pro- 
vide, the volume and the special regulations for each outlet 
from the rivers shall be fixed in such manner as that no 
injury may rc.sult to the interests of ai\y of the proprietors 
belonging to the district. The same care .shall Im observed 
in the use of turbid waters employed in operations of im- 
provement by deposits. 

“ 45. Objection.s made by the proprietoi’s within a dis- 
trict to the proceedings of the presiding body {la presi- 
denzn) shall be considered by the provincial delegation, 
which, having verified the fivets, and submitted them to 
the provincial congregation, shall decide each case accord- 
ing to its mci’its. If the objections should involve points 
of gi’eat importance, the provincial delegation shall submit 
them to the government, and shall aw'ait its instructions 
before coming to any decision. 

“46. Each delegation shall present to the provincial 
delegation a project of regulations for the careful protec- 
tion of all the matters committed to its chai’ge. These 

VOL. IX. M 
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regulations shall not have force until approved of by the 
protecting authority {deU^ antorita tvtoria.) 

“47. The laws, regulations, edicts, punishments, and 
Cues, established for the associations of drainage, iinprove- 
meut, and imgatiou, prior to the publication of the law 
of the 20th May 1806, shall continue in full vigour in all 
cases for which no provision to the contrary has been 
made by the law just referred to.” 

Tlie preceding provisions form the frame-work of all 
the association.s for purposes connected w'itli the use of 
water in agriculture or general industry throughout Lom- 
bardy. They are fruits of the organising genius of Napo- 
leon ; and so satisfactorily have they been found to work 
in practice, that the Austrian government has adopted 
them in their integrity. The series of decrees, of which 
the preceding form only one part, embraces the entire 
organisation of the roads ; the embankments of the rivers, 
so incalculably important in this region; the administration 
and police of river, lake, and canal navigation ; in fact, the 
entire machinery of communication by laud and water 
irrigation, and protection from floods. I have, however, 
restricted myself at present, as much as was possible, to 
those details peculiarly allecting irrigation ; and 1 proceed 
to give some examples of the manner in which the general 
rules Just detailed arc applied in special cases. 

The river Olona i.s one of the minor streams of the 
Milanese, wdiicli, rising among the high lands of Varese, 
flows from thence to Milan, contributing a large portion 
of its volume to ])urposes of irrigation. The association 
of proprietors irrigating from this stream is the most 
ancient in the country: the waters were gi'anted originally 
to the Cistercian monks of Chiaravalle, then, and for long 
afterwards, the great owners and employers of nearly all 
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tlie streams in the vicinity of Milan. The proprietors, or 
tenants of lauds irrigating from the river, were formed 
into an association, which appears on record at the close 
of the twelfth century, under the name of “ The Employers 
{Utenti) of the Olona.” To this body a power of self- 
administration was committed; and from time to time it 
raised claims to entire independence of the administrative 
authority of the State, on the gi’onnd that its right of 
property in the stream was absolute. This claim, however, 
was never admitted, and in couv.se of time was abandoned; 
so that, like all other bodies of the same class, the associ- 
ation of the Olona is now .subject to such administrative 
and police enactments as arc sanctioned by the supreme 
authority. A council of admini.strntion, nominated by the 
proprietors, according to the rules prescribed by the law 
of the 20th May 1800, rcgidatcs the interior economy of 
the association ; but all works jirojcctcd for the extension 
or improvement of irrigation must be .submitted to, and 
approved of by, the Direction-General of Public Works at 
Milan, before they can be executed. 

The latest regulations for the river bear date the llth 
May 1812, and arc to the following effect : — 


Rhei' Oloim. 

Preamhk . — With the view of terminating the grave 
disorders and abuses which have been introduced on the 
river Olona, and of maintaining in full vigour the laws 
and proclamations which have been issued at various times 
for the protection and the better distribution of its waters, 
to the advantage at once of the public, and of individuals, 
especially that of the 12th September 177IJ, by the con- 
servator Verri ; as also that of the 7th of October 1 774, 
by the duke of Modena, Francesco III., governor of 
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Milan, and in conformity witli Art. 43 of the regulation 
of the 20tli of May 1806, for associations intere.sted in 
drainage and improvement, and with the ordinance of the 
llirection-Gcneral of Public Works, under date the 12th 
May 1808. 

'J'he delegation of the said river, authorised by the 
Direction-General, and by the Prefecture of the Depart- 
ment of the Oloiia, and adhering to the afore-mentioned 
laws and proclamations, without in any way detracting 
from the same, has published the following 


Geveml Jtcfjvhiiiom for the Uiver Olonn. 


1. !No one shall be })crmitted to extract, doiivc, or 
use the water of the river Olona, cither directly or indi- 
rectly, unless he is jiossesscd of the right and privilege so 
to do, under a penalty for each contravention of 230 lire, 
(about £S,) whereof two-thirds shall bo lodged in the 
trcasuiy of the delegation, and one-third be granted to 
the guardian or the informer, (whose name shall be kept 
secret, should ho so dcKiro.) In enforcing the said punish- 
ment, all such proceedings as arc within the competence 
of the d('lcgatiou slmll be had recourse to. 

2. All parties claiming to have right and privilege to 
use the said water, shall have two months, from the period 
of the publication of this regulation, allowed them for the 
production, before the Chancellor of the Delegation, of 
legal proof of the right or privilege they claim. They shall 
spct;ify the time and the horary period (orario) for the 
use of the w'atcr, the outlets, the w'orks, the quantity and 
nature of the meadows, the district in which they are 
situated, and the corresponding numbers of the Revenue 
Snn'ey Map, so as to facilitate the proceedings which it 
may be necessary to adopt in each case. If the time above 
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specified is allowed to elapse witliout the production of 
proof in the manner just jwesevibed, the recusants, without 
any other intimation, and without hope of fartlier dclaj', 
shall be irremediably excluded, ipso jure, from the use ot 
the said water, and shall be bound to remove their outlets 
at their own expense. 

3. Within the same period of two mouths, all breaches 
in the banks, or iujuric.s to the hcad.s of channels within 
12 feet of the river, should be carefully repaired, so that 
no leakage of water may occur within this limit, under a 
penalty equal to that specified before, to which all i)ro- 
prictors or tenants of lands whereon such breaches iuay 
be found shall be subject, and tlie repairs of any daiuages 
caused by these shall be made, ex ojjicio, at the expense 
of the parties violating this order, without a)iy farther 
intimation. 

4. Neglect in removing, within fifteen days, the dams, 
impediments, deposits, or any other matters which cither 
interfere with the free course of the w-atcr, or force lai’gcr 
supplies than are just into any of the outlets, shall be 
subject to the same penalty, and the removal of the said 
impediment shall be efiected er ojjtcio, at the ex])ense of 
the parties contravening thi.s order. 

5. I’he outlets, largo or small, (/e bocche o boccheUi) 
w'hich have not their sills made of stone, or which may bo 
broken, as also the dams of mills which arc not propei-ly 
restricted, ought to be established in accordance with tlic 
forms prescribed in the new statutes"' and these rules, 
within the period of two months, under the jienalty before 
specified. They shall be surveyed by the engineer of the 
delegation, who will proceed, under the authoi'ity vested 
in him, to execute all such repairs or alterations on tlic 

* These m-e very imi>cvfcet, fixing merely the (limeinsions, ami 

the height of the sills of the outlets above the bed of the stream. 
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outlets as may be necessary to insure their conformity to 
the regulations. 

6. All outlets, of wliicli the sills are placed at levels 
lower than those prescribed by the proclamation of the 
15th of May 1G43, in execution of a decree of the late 
senate, dated the 0th of the same month, shall, under the 
sanction of the delegation, be reduced, within the term of 
one month, to the limits therein prescribed ; that is, all 
situated above Castellanza shall have their sills on the 
same level as the inlet of the first mill immediately below 
each head; from Castcllanza inclusive to Nerviano exclu- 
sive, the sills shall be four inches higher than the level of 
the inlet of the first mill below each licad ; and finally, 
from Nerviano inclusive to the end, the sills shall be 
only 2 inches higher than the inlet of the mill next below 
each head. The preceding shall be observed under the 
penalty before fixed. 

7. All outlets not constructed after the manner pre- 
scribed by the order of the 14th May 1575, ought, with 
the previous sanction of the delegation, to be forthwith 
established according to the conditions therein prescribed — 
namely, with the sills and sides of the outlets themselves 
made of cut stone, the wing-walls in brick masonry Avith- 
out impediment below the outlets, or with the sills of the 
chambers in rear horizontal, and with no fall in the 
channels below for a distance of at least 10 feet, under 
the penalty before prescribed, in addition to the stoppage 
of the defective outlets until they are rectified. The 
guards of the river ought to rcimrt to the engineer of the 
delegation all deficiencies they may detect, with the 
needful pioofs, so that the delegation may proceed effec- 
tively against parties neglecting or contravening their 
orders. The period of one month is gi'anted for the 
purpose of bringing the defective outlets into conformity 
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with this rule, and of preparing them for survey by tlie 
engineer of the delegation . 

8. The gates or sluices of ail outlets ought to be kept 
invariably well secured by catches, (r/aftclti,) in such 
manner as that they cannot be raised beyojjd certain 
fixed limits. These sluice.s ought also to be so con- 
structed as that there shall be no waste of water by 
leakage beneath them, under a penalty of 40 lire 
(about 32 shillings) on each sluice, and for each contra- 
vention. 

9. Under the same pcnalt}', it is forl.»iddcn to keep 
private padlocks or common locks and keys; and the 
guards, on finding such look.s, shall cause them to bo 
broken, and shall dcnounc(! the contravention, noting, 
that in each of the aforesaid cases, they shall proceed to 
close the outlets whether large or small. 

10. It is forbidden to move, to raise, to lower, to 
repair, to alter, or, in fact, to do anything whatever to 
change the state of the river, or the outlets, the dams, 
the sills, the mills, and their inlets, without a license in 
writing from the delegation, the provisions ju'oscribed by 
wdiich shall be rigidly observed, under a penalty of 230 
lire, (about £8.) 

11. Specifies some local arrangements of no general 
interest. 

12. All propi'ictors of outlets, large or small, not 
provided with channels (sonitori) for collecting and 
caiTying to the river the waters remaining after the irri- 
gation of the laud has been effected, arc enjoined to 
construct such channels within the space of one month, 
according to the existing imles, which will be explained 
to them by the engineer of the delegation, under the 
penalty of having all such outlets a.s arc unprovided with 
the aforesaid channels immediately stopped. The chan- 
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nels shall bo kept clear from all impediments, under the 
same penalty. 

13. On all festival days, as well as on others when 
the mills arc not at work, the millers shall keep the gates 
and escapes of tlieir mills open, so that the water may 
have its natural ami free course, under a penalty as above 
in case of contravention. 

1 4. 'J'hc provision in the new statutes against miller’s 
irrigating more than 5 pcHlche of land (about three- 
fourths of an acre) above the inlets of their mills, shall 
be enforced, under a jmnalty for each contravention, of 
1 10 lire, to be appropriated in the manner formerly 
specified, (two-thirds to the delegation treasury, and one- 
third to the informer.) 

10. Whoever shall be discovered to have irrigated 
M’itli, or to have had in any way on his lands, the waters 
of tlic (Jlona, in violation of the regulations, shall incur, 
for each offence, a fine of 115 lire, (about £4,) if the extent 
of land watered shall exceed per hche, and of 18.42 lire 
when it shall be loss. 

If), Prohibits fishing in the Olona without license, 
iiiider a penalty of 4(5 lire for each offence, and killing 
the fish with lime, or other poisonous matter, under double 
tills amount. 

1 i . Any one using, impeding, or clianging the course 
of old or now springs, whoso waters How into the river, 
shall incur a penalty of 4(10.51 lire, (about £10,) to be 
distributed in the manner formerly described. 

18. .Prohibits tlie soaking of llax in the river, or the 
throwing of any matter into it likely to interfere with its 
free course, under a {ujnalty of 115 lire, 

10. In accordance with the new statutes and regula- 
tions, no proi>rictor of land along the Olona shall be 
permitted to contract the channel of the river by esta- 
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blisliing plantations, or brushwood, or stones. The chan- 
nel shall 1)6 maintained with a breadth of at least 20 feet, 
with the banks clear of every kind of impediment, in terms 
of the e.visting regulations, and under the penalty specified 
in the preceding article, or under others adapted to the 
circumstances of each case. 

20. Water from the outlets, destined for irrigation, 
can be granted to brickmakcre and others for the use of 
their works, only under the written license of the delega- 
tion, the provisions mentioned in which shall be minutely 
observed, under a penalty of 115 lire for each olFenec. 

21. When more than one pci'son may be concerned 
in the various offences above specified, the prescribed 
penalties shall be imposed on each of the offenders, who 
shall be liable also for all legal expenses whatsoever. 

22. Whoever becomes possessed of rights to the water 
of the Olona, under the dispositions of a last will, or 
by agreements between living parties, or in any way 
ceases to possess such rights, shall be bound, within the 
period of two months from the publication of the present 
regulation, to describe, under their proper heads in the 
register of the Olona, the manner in which these rights 
have been acquired or lost. In all time to come, the 
same obligation shall rest upon all parties acquiring or 
losing rights to the water, who shall be bound to register 
these within two mouths ; and in case of contravention, 
the offender shall be fined one lire on every crown of the 
estimated value of the property or edifice not duly regis- 
tered. 

In cases of changes of property, the first proprietors, 
in the event of their failing to replace their own names 
by those of their successors, shall be held responsible, 
without farther notice, for all taxes or other burdens 
attached to the properties, according to the provisions of 
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Art. 28 of the I, and R. decree of the lOtb February 
180.9. 

23. In inflicting fines, the delegation shall proceed 
according to the provisions of the disciplinary regulation 
for the river Olona, to be submitted for the approval of 
the superior authority. 

24. Whoever shall presume to oftend, by word or 
deed, the delegates, the engineers, the chancellor, and the 
guards of the said river, .shall be punished according to 
the terms of the penal code of the kingdom. 

The delegation reservc.s to itself the power of publish- 
ing such supplementary provisions as ai‘c in cojiformity 
with the spirit of the present regulation, always, however, 
sulycct to approval by the superior autliority. 

Tlie present shall be published for general informa- 
tion, and afllxcd in tlie usual places throughout all the 
lands adjacent to the Olona. 

Firnn- the Ojj'nw of the, rivni' Ohjiui uf. Milait, on the, 
ri/A 1812. 

The Lambro is another of the .smaller streams of the 
Milanese, which, as 1 have stated in greater detail in Part 
II., irrigates a considerable extent of land to the north- 
eastward of Milan. From its source in the hilly region 
near Como, to its junction with the canal Martesana, near 
Crescenzago, and from thence to the Po, it is under the 
administrative control of an association organised similarly 
to that of the Olona.^ The regulations by which its ad- 
ministrative details ai’e conducted, date fi’om between the 

I am not pci fcctly oertain on this point, ns some of the documeiita con- 
iictitcil with the {uliniiiisti'atiou of the river \vonl<l seem to indicate that this 
was exorcised move immediately by thcDirectioii-Geiioral of .Public Works. It 
is a point of no great importance ; for whether, in analogy with all similar cases, 
the adiuiiiistratiou is vested in an a.«i>{Ociatiou of proprietors, or by exception in 
a government otlicc, the edicts above given show the details of management. 
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middle and the close of the last century. In 1832, two 
special edicts were republished by the Austrian goveru- 
incnt, one dated the ‘2Gth July 1756; tlie other, the 
20th December 1782 ; and by tlicso the interior economy 
of the river is at present regulated, Tlie provisions of 
these edicts are given in tlie following translation : — 

“ Rwer Lamhro. 

“ All the aiTangcmcnts relative to the river Lauibro 
are included in the two following edicts, republished in 
1832, under the authority of the I. and U. government, 
as conveyed in its despatch dated 9 th November of that 
year : — 

“ 17oG, 26, 

“ The numerous disorders which exist along the entire 
course of the river Lambro, from its origin in the lakes of 
Alserio and Pusiano, to its junction with the J’o, having 
attracted the attention of the magistracy of the state of 
Milan, in consequence of the inconveniences and injuries 
at once to the royal treasury, and to public and private 
interests, which they have caused, most esiiccially in the 
deficiency of water so frequently occurring, and traceable 
to them, and particulai’ly as affecting the supply of the 
canal Martesana : 

“ The said magistracy, with the view of remedying such 
inconveniences, has judged it expedient — leaving in full 
force all former proclamations, especially such as affect 
the royalties {regali) of the waters — to publish the present 
edict ; — 

“ Whereby, in the first place, it is foi'biddcn to every 
person, of every gi’adc or condition without exception, to 
divert the water of the river Lambro from its proper 
course. No one shall employ it lor the irrigation of 
arable land or meadows without the appropriate perrais- 
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sion, and license by privilege or royal grant, under a 
penalty of tlirce luindred crowns, of which two-thirds shall 
belong to the royal treasury, and the remaining third to 
the guards of the river appointed for its protection, whose 
testimony, witli tliat of one credible witness, shall be suf- 
ficient to \varraut proceedings against olfcnders. 

“ All parties enjoying the use of water from the Lam- 
bro, are warned against taking more than is secured to 
to them by their respective privileges, grants, and rights, 
on pain of being proceeded against, not only for damages 
to the extent of tlio value of the water improperly taken 
in tin»e past, but to entire deprivation of the Mater, and 
other penalties i)rescribed in this edict; their outlets 
shall be closed, and the evidence of the guards, or any 
other parties reporting the oftbnee, supported by a single 
witness, shall be deemed sulRcicnt for conviction. 

“ It is forbidden to inillei-s, or other parties possessing 
mills on the river Lainbro, to retain or check the water in 
any way, or under any i)rclext whatsoever. When the mills 
arc not at work, the escapes shall be loft open during the 
entire period of sto|)])agc. Such mills as do not possess 
proper escajies, shall be provided with the same M’ithin 
eight days after the publication of the present edict, so 
that the water may flow freely into the bed of the river. 
Thc.so provisions shall be observed, under a penalty of one 
hundred crowns, to be applied as above described. 

“ Whoever, possessing the right to establish outlets or 
channels for the extraction of water from the Ijambro, 
may have allowed the same to become broken or out of 
repair, shall be bound to place them in good condition 
within one month after the publication of this edict, under 
the appropriate license of the magistracy, who will deter- 
mine, according to the circumstances of each case, whether 
an inspection by tlie engineer or other official of the tri- 
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bunal be necessary, or simply the assistance of the guard 
{camparo) If the repairs are not executed within the 
time specified, they shall immediately afterwards be 
effected under the orders of the magistracy, and at the 
expense of the recusants. 

“Within fifteen days after the publication of this 
edict, all breaches in the embankments of the river or its 
branches shall be closed and repaired, so as to prevent 
any wastage of water, under a penalty of one hundred 
crowns, to be applied sis formerly provided. Parties on 
whose lands such breaches occur, shall be held re.sponsi- 
ble for the repairs, under the penalty above mentioned, 
Avhich shall also be enforced against all on whose lands 
such broaches may occur in future. These shall be re- 
paired by the agents of the magistracy at the expense of 
the offending parties. 

“It is forbidden to establish dams, or to construct 
works of any kind whatever, either across the bed or 
along the banks of the river, without the special permis- 
sion of the magistracy, under a penalty of two hundred 
crow'ns for each offence. I’hc water shall be allowed to 
ilow' freely, for the benefit of irrigators at lower levels, 
and particularly for the increase of the supply in the 
canal Martesana. 

“ It is forbidden to fish in the Lambro, or to destroy 
the fish with lime or other substance, under a penalty of 
two hundred crowns, unless special licen.scs are granted 
by the magistracy.* 

“ All parties using the w'atcr of the Lambro arc en- 
joined to obey the orders of the guards appointed to watch 
over the execution of the present edict, under a jjenalty 

* The great care of the fish iu all the rivers and canals will be appreciated 
when it is borne iu mind how important tliey are as articles of food in a 
Catholic comitr}'. 
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of one hundred crowns, wliich may be increased at tho 
will of the magistracy. 

“ Two guardians arc appointed for the river, one having 
cliargc from the source, near the lakes Alserio and Pu- 
siano, throughout tlie entire district of Crescenzago, and 
tho other from this latter point to the junction of the 
Larabro with the Po. They are enjoined to watch care- 
fully over tho execution of the present and all pre-existing 
regulations, to secure for the river all the water that of 
right appertains to it, and to report all infractions of the 
orders of the magistracy, on pain of removal, and such 
other punishment as may appear duo. 

“ No one shall be permitted to persevere in present or 
past abuses, on the plea of neglect, tolerance, or careless- 
ness of the public agents. No such plea shall be accepted 
from any one in jnitigation of punishment for breach of 
these orders ; and the magistracy reserves to itself the 
power of taking whatever steps may seem to it best in 
each case, saving always such rights as may bo vested in 
the royal treasury. 

“ This notification shall be published, not only in this 
city of Milan, but in the towns of Monza and Mclegnano, 
and in the adjoining districts.'’ 


20/// December 1782. 

“ His royal highness the governor having taken into 
serious consideration the disorders existing in the admini- 
stration of the river Lambro, has enjoined the magistracy 
to furnish to the guards such instnictions as seem best 
calculated to bring these abuses to a close. The following 
arc therefore prescribed : — 

“ Retaining in full force all pre-existing regulations, and 
especially that under date the 26th July 1756, the guard 
of the Lambro residing at Monza is enjoined to visit 
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annually, before the 25th of March, the springs coniinonly 
called teste, (the heads,) by which the river is fed, witli the 
vieAv of ascertaining that all these are well cleared, and 
that tlicy really supply tlie entire quantity of water which 
could be obtained from them. All parties interested in 
such supply should depute persons to accompany the cam- 
paro during the said visits, to concert and arrange with 
him regarding the nature and extent of the necessary 
clearance, s, or of such other works as may lx; required for 
the efficiency of the heads. The guard should report the 
whole of tlicsc proceedings for the information of the 
magistracy. 

“Having satisfied thcin.'selvcs of the correctness of tlii.s 
report, the magi.stracy shall order the execution of the 
repairs, the expense of which shall be iccovercd from the 
employers of the natcr in proportion to their re.s]mctivc 
interests in the .saihc. In addition to these cxpen.ses for 
works, a fair remuneration shall be fixed, at the discretion 
of the magistracy, for the assistance given by the guard. 

“ It is forbidden for the future to throw earth or rub- 
bish, or other matter, into the river, or to extract .sand, 
except from collections of deposit ; and in removing the.se, 
care shall be taken not to derange the natural level of the 
river. Excavations or ditches for the collection of sand 
or gravel arc absolutely prohibited. 

“ If a necessity should arise for clearing earthy mate- 
rials from the bed of the stream, parties desirous of doing 
so shoidd communicate with the guard, who will satisfy 
himself that the work contemplated can cause no damage 
either to the river itself or to the adjoining properties. 
In the event of now work being undertaken, reference 
should be made to the magistracy, who will j)rc.scribe such 
conditions as may appear most appropriate in each case. 

“ Various tortuosities of the Lambro being caused by 
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trees falliug into tl)c bed, or by spurs wliicb throw tbc 
force of the stream on the opposite bank, to tbc injury of 
the proprietors of laud there from the corrosion whicli is 
the consequence, tlie guard ought inunediately to intimate 
to the pi'oprictors of sucli trees or spurs that they must 
remove them witliin three days, otherwise they shall be 
removed by the guard himself, and all expenses for work 
or damage shall be at the charge of the proprietor. 

“ The trunks and roots of trees which come down the 
river in time of flood shall be removed by the guard ; and 
as it is impossible to know whose property they are, they 
shall be granted to him as a reward for his exertions in 
removing them. 

“Tlie soaking of (lax in the river being injurious to the 
fish, it is absolutely prohibited, but parties may carry on 
the process each in their own channels, and the guard 
should at once report any infraction of this order to the 
magistracy. 

“ To prevent any afl'cetation of ignorance, bis royal 
highness orders this edict to be affixed in all public places 
along tlm river, and enjoins all parties to obey the agents 
of the magistracy.” 

The foregoing will, 1 think, be sufficient to illustrate 
the internal economy of the irrigating associations of the 
Milanese. I might add more, but I do not find that the 
details contain nurtter of sufficient practical interest to 
justify my doing so. The examples given do not indicate 
a very exact system of measurement or distribution ; and 
as no specific means are taken to insure the observance of 
the precise terms of the grants, we may safely conclude 
that mere injunctions to the proprietors will not, in case 
of temptation, be much attended to. In fact, the antiquity 
of the rights to the Avatcr of these rivers prevents any 
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minute interfei'cnce with them ; and as the government 
has ahrajs been foiled in its efforts to introduce exact 
measurements, it seems now to have arrived at the convic- 
tion that it had best confine itself to general police and 
protective measures, such as have just been illustrated. It 
will be seen at once from the terms of these that the due 
enforcement of the system hinges entirely on the personal 
probity and eonscientiousness of the campan or guards ; 
and it must be admitted that the temptations to which 
they are exposed are excessive. It is not, therefore, to be 
wondered at that police regulations, however sternly ex- 
pressed, do not generally produce any gi’cat moral effect. 
I believe, however, that tlie administration is always best 
when the proprietors themselves can be made its agents ; 
the value of the water is in truth so great that every man 
becomes more or less a i»olice ollicer ; and as his interests 
are directly concerned, his vigilance has the best po.ssiblo 
stimulant : hence one of the main causes of the value of 
that associative principle which pervades the irrigation sys- 
tem of Lombardy. When in vigorous and healthy action, 
it is a far more powerful conservator tlian the most elaborate 
establishment depending solely on the government, though 
supported by the severest of edicts and proclamations. 

It may perhaps be interesting to illustrate the manner 
in which this principle is applied in practice, by giving 
hero the rules for the elections of the reprciscntativcs of 
the great canal Muzza, which is administered by two con- 
gregations — one called the congregation of the Muzza 
Milanese, for the province of Milan ; the other that of the 
Muzza Lodigiana, for the province of Lodi. These rules 
were published on the 11th of April 1817, and are to the 
following effect : — * 

* From Buuschetti’s Storia dei ProjeUi per TIrrigazione dtl MHanefet 

p. 416. 

VOL. II. N 
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“ 1. Within a period of nob more than three months 
from the date of the publication of this notification, all 
the employers of the water of the Muzza shall be 
assembled in convocation. Under the terra ‘employers’ 
(identi) are included all those who obtain water from 
outlets, groat or small, and having attested titles either in 
their own names or in the names of others. 

“2. For all matters which concern the employers of 
the outlets included in the congi’cgation of the Muzza 
Lodigiana, the assemblies shall be held, at the official 
residences of the I'oyal chancellors of laud revenue (nel 
luogo € oficlo dd regi cancellieii del cemo) of the respec- 
tive districts of the jirovince of Lodi, and with the aid 
and in the ofliccs of the same functionaries in the districts 
of the province of Milan, for all that may concern the 
emplo 3 'ers forming the congregation of the Muzza Milanese. 

“ 3. The royal chancclloi’s of land revenue may hold 
assemblies of the employers of one or more outlets on the 
same day. 

“ 4. The object of the assemblies, with the day, the 
hour, and the place where they are to bo held, should be 
published in a printed form, similar to that hereto 
annexed, at least eight days before the day of meeting, 
and circulated in all the communes where outlets exist, 
and also in the chief towns of the districts and provinces. 

“ The royal chancellors of the different districts should 
enter into communication with each other, so as to arrange 
conveniently for the publication of the summonses ; and 
they will request the 1. 1. R. R. Delegations to make the 
necessary notifications in the chief places of the provinces. 

“ 5. The publication of the summonses, in the manner 
above described, shall have the force of a legal act of con- 
vocation for all parties who may not be domiciled in the 
communes where the outlets iielonsing to them exist. 
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“ 6. Employers have the poTver of deputiug a procura- 
tor, furnished with a special mandate, to represent them 
in the assemblies, whether as individuals or coiporations. 

“ 7. The military, wards, minors, women, and corpora- 
tions, or public and private administrative bodies, shall be 
represented by their respective guardians, tutors, curatoi*s, 
procurators, and legitimate administrators. 

“ 8. The employers of each outlet, legitimately convoked 
as above prescribed, shall proceed to the election of one 
deputy to represent the body of the said emjdoyers in the 
respective congregations of the Muzza. This deputy shall 
have power to vote, in the congregation to which ho 
belongs, for a rcprc.scntativo of the entire congregation ; 
and to the two representatives thus elected — one for the 
province of Milan, the other for the province of Lodi — 
shall be committed full powers to arrange with a commis- 
sion nominated by the government, all details connected 
with the use of the waters of the canal, whether as regards 
the regulation and modulation of the irrigation outlets, or 
the employment of the surplus waters, (avtuw cokUmeJ 
or the equitable increase of the annual payments for the 
taxed outlets. 

“ 9. It is forbidden to propose in the convocation any 
other subject of discussion, or to deliberate on the same, 
under any title wdiatsocver. 

“ 10. The election of the deputy shall be made by 
ballot, ( a scrutinio segreto.) Two individuals shall first 
be nominated from each separate body of employers — that 
is, from among the employers of each outlet — by the votes 
of the entire assembly. From among those thus selected, 
the four who are found to have the greatest number of 
votes shall proceed to another ballot, and the individual 
having the majority in this, shall be the representative of 
the congregation. 
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“11, The convocation is legitimately constituted, ^hen 
its number is not less than one-third of the total number 
of employers. 

“ 12. Absentees shall be held to have concurred in the 
election of the deputy, and shall be bound by all that is 
done or established under the provisions of the present 
iiotihcation. 

“ 13. If from want of the above specified number, the 
employers of each outlet are unable to proceed to the 
election of a deputy, tliis election shall be made by tlio 
respective congregations, whether of Milan or Lodi, within 
the space of five days, 

“ 14. No convocation shall be made in the case of 
outlets having only one employer, whetlicr an individual 
or a corjioration, or a public or private administration ; 
nor in the case of any outlets whose employers arc less 
than six in number ; in the first case, the legitimate deputy 
is the solo employer, cither in his own person, or when 
corporations or administrations are concerned, by means 
of the legal administrators ; in the second case, the largest 
employer is the legitimate representative of the body. 

“ 15. 1’he acts and proceedings of the convocations of 
employers are to bo recorded by the royal chancellors 
who assist at them, and are signed by the said chancellors 
and two of the parties present. 

“ 16. As the royal chancellors hold the convocations in 
succession, they shall transmit the acts and proceedings of 
the same to the respective provincial delegations, who, 
having collected the Avhole, shall forward them to the 
government commission. 

“ 17. The commission, on finding them all in order, 
shall communicate with the respective congregations of 
Lodi and Milan. 

“ 18. The deputies elected according to the forgoing 
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form, and the single and principal employers having the 
attributes of delegates, according to Art. 14, shall unite 
themselves to their respective ordinary congregations, and 
with them shall form one deliberate body. 

“ 19. The congix'gations and special deputies, thus 
united, shall meet at the chief place of the province on 
the invitation of a royal deputy, and in accordance with 
instructions which will be given by the government. The 
royal deputy shall always be present, and shall discharge 
the duties of president. 

“ 20. The congregations and deputies shall be sum- 
moned by letters addressed to the members individually, 
by the 1. R. delegates, at least fifteen days before the 
time fixed for the meeting. Those letters shall specify 
the day, the hour, the place, and the general object of the 
meeting.” 

21 to 29, being merely repetitions of the rules previously 
given for the election of the deputies in each congi’cga- 
tion, applied to similar elections in the united bodies of 
congregations and deputies, 1 do not consider it necessary 
to give them. Their object is to obtain the nomination 
of two representatives of the entire canal, whose arrange- 
ments with the royal commi.ssion, on all matters connected 
with the interior economy of irrigation, should be binding 
on the whole body of employers in both the provinces of 
Milan and Lodi. 

I must add, that this cflbrt to organise anew the police 
and administration of the Muzza was not very successful, 
as, according to Bruschetti, the employers of the canal, 
distrusting the government, held back from the convoca- 
tions, so that the legal numbers required to form a quorum 
were rarely present. It seems alway’s to have been in 
this passively resisting manner that reforms projected by 
the government have been defeated ; and in the present 
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instance, though the introduction of some arbitrary changes 
was tried, the practical result was, that the ancient system 
remained but little disturbed. I have given the rales for 
the elections, simply as illustrations pf the system, which, 
in cases of accord between government and the proprietors 
of land and water, and with modifications of detail, adapted 
to local peculiarities, has been found to meet the wants 
and wishes of both parties. 

In the abstract of the provisions of the laws of the 20th 
April 1804, and the 20th May 1806, an article (No. 20) 
prescribes, tliat “ in such districts as have relations with 
foreign powers, the existing conventions and customs shall 
continue in force.” The special object of this article was 
to maintain in vigour the rules whicli had been established 
by the treaty of Ostiglia, dated the 2.5th June 1764, 
between the governments of Austria and Venice, for the 
regulation and distribution of the waters in the conter- 
minous provinces of Mantua and Verona. As these rules 
continue to operate up to the present time, and as having 
been the work of a commission of the most eminent Lom- 
bardian and Venetian hydrauliciaus of the time, contain a 
considerable amount of interesting information on the 
various points to which they refer, I think it worth while 
to give a translation of them in full when the matter 
merits it, and in abstract when it is less important. 

The definitive treaty above referred to was preceded 
by various regulations sanctioned by tlie imperial and 
republican governments, and affecting the river Tartaro 
and its afflucut.s, which are among the chief sources of 
water for irrigation in the tw’o provinces. It was about 
the beginning of the seventeenth century that the first 
serious efforts were made to ei*adicate the abuses which 
had crept into the irrigation system, and which at that 
period forced themselves specially on public notice. It 
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was found that old outlets were enlarged withoiit autho- 
ritj ; that new ones wei'e similarly established ; that con- 
stant robberies of water were systematically practised; 
and that, by the use of tempoiniry dams or other means, 
proprietors possessed of no just title irrigated their land 
during the niglit, to the injury of the legitimate owners of 
the water ; that grants for irrigation of meadows wore 
made use of in cstablisliing rice-lands, which accordingly 
spread to an undue extent, and absorbed so much of the 
supply as to deteriorate all other irrigated products. 
Severe edicts were accordingly published in 1602, 1603, 
1607, and 1610, against these malpractices; and from 
this time to the beginning of the eighteenth century, the 
governments made constant, though not very successful, 
elforts, to enforce them. The violations, however, con- 
tinued to exist, in spite of all clForts to the contrary, and 
about 1715, their extent threatened to omiwoil the two 
powers. Some years later, it was finally agreed between 
the Austrian and V^cnotian governments, to nominate 
plenipotentiaries, assisted by men of skill and honour, “ to 
propose a clear and precise regulation, which might remedy, 
once for all, the abuses in existence on the 'J'artaro and 
its affluents, in such a manner as to insure tranquillity 
among the river population, and to preserve peace between 
the two states.” As a result of the deliberations of this 
body, the first treaty of Ostiglia was signed on the 20 th 
April 1750, and was followed by the declaration of 
Roveredo in 1753. The provisions of both these acts 
were finally embodied in the treaty of the 2.5th of June 
1764. 

As preparatory to the adoption of the necessary regula- 
tions, the engineers of the two states met at Ostiglia, and 
afterwards personally examined the various rivers, canals, 
and water-courses. They classified the different abuses 
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they found in existence, and their attention was specially 
given to the determination of the rice-lands in the two 
provinces ; for it was found that tlie double influence of 
profit and imperfect superintendence had led to these being 
increased much beyond what was considered their just limits. 
In the first treaty in 1750-53, certain clearly-defined areas 
had been prescribed for the rice-lauds in each province, 
and all cultivation of this kind in excess of these was at 
once suppressed. The general principle adopted by the 
commission was, that “ the water flowing in its natural 
channels should have perfectly free course for the benefit 
of all the adjoining proprietors, and that consequently no 
works should be allowed which interfered with this free- 
dom — securing, however, to all mills already in existence, 
sufficient fall to enable them to work effectively ; while at 
the same time regulations should be enforced to insure the 
return of the whole of the water thus diverted, to the 
natural channel of the river, canal, or water-course.” 
Various detailed arrangements were carried into ettect; 
numerous outlets, not possessed of just titles, were closed ; 
others were reduced in dimensions ; and statements, in 
minute detail, of all authorised outlets aud areas of imga- 
tion, were prepared for future reference. The progress of 
the new system of administration was gradual ; the com- 
missionci-s (iontinued to publish, from time to time. Appen- 
dices to the original treaty, amounting in all to ten, the 
last of which, dated the 19th June 1765, is naturally the 
most perfect of the whole. It is from this that I give the 
following summary of the administrative arrangements in 
Mantua and Verona : — * 


“ Tlio Appendix No. 10 is given at full Iciigtli in Part II. of Cantalupi’s 
Collection of Lm^s and Hegulutioiat; and from this my translation is made. 
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Tenth Appendix to the Treaty of Ostiglia. 

Art. I. The Tartaro and its affluents, including also 
the canals of Pozzolo and Molinclla, shall be cleared 
every five years, in the manner and under the superin- 
tendence of the engineers appointed by the rcsjiective 
governments. Tlic expense of these repairs shall be 
borne by the associations of proprietors interested, or by 
individuals for such portions as arc asssigned to them in 
the present treaty, or as may belong to them by right of 
ancient possession, (Certain portions of the Tartaro, the 
Tartarcllo, and various smaller streams, arc j)laced under 
chai’ge of the association of the Tartaro, whicli will super- 
intend and pay for all needful clearances ; the canal 
“ II Cavo” is similarly placed in charge of two private 
individuals. Various other canals and streams arc dis- 
posed of in like manner, the details possessing no special 
interest.) 

Art. II. Continues the details of the work to be done in 
clearing the various streams and canals, and of the asso- 
ciations or individuals at whose expense such works arc to 
be executed. 

Art. III. All the aforesaid excavations shall be renewed 
at intervals of five yeara, as well in the province of Man- 
tua as in that of Verona. When the engineers deputed 
by the governments to inspect the canals shall find any 
work neglected, they arc authorised to execute the same 
at the expense of those by whom it ought originally to 
have been done. 

Art. IV. Such partial repairs as the Tartaro and its 
affluents may require shall also be executed annually. 
(Minute details of the nature of these repaid, and of the 
parties by whom the expense of them is to be defrayed, 
are given here. The number of annual clearances varies 
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from one to four, according to local circumstances; and 
the periods are during the first fifteen days of April, if 
there is but one repair ; and in May, July, August, or 
October, if there are more ; the object being to close the 
canals only at such times, and in such manner, as shall 
be least injurious to the crops. 

Art. V. Continues the above-noted class of details. 

Art. VT. All these clearances, whether in the province 
of Mantua or that of Verona, shall be superintended by 
the cngineei’s in charge of the waters ; and should these 
officers have reason to consider the work badly executed, 
they are empowered to rectify all cri'ors and imperfections 
at the expense of those parties whose duty it was to have 
completed them effectively in the first instance. 

Art. VII. Except when deficiency of supply in the 
river may permit it, the level of water at the head of the 
canal of Pozzolo shall always be maintained at a height of 
two Veronese inches (about 3:^ English inches) above the 
fixed mark established there to indicate the full supjily. 

During the season of irrigation, the left escape of the 
mills of Gjvzo shall always be kci>t open. On the other 
hand, all the sluices and locks on the Tartaro and its 
affluents, both Mantuan and Veronese, shall remain closed 
during the same season. (Specific dates for the closing 
and opening of various sluices belonging to private par- 
ties follow ; but there is not much of general interest in 
the details, further than that each sluice must be provided 
with strong gates, having lock and key attached; the 
keys of all on each side of the river being intrusted to the 
provincial inspectors of the respective province.s, to be by 
them retained from the 25th of March to the 8th of Sep- 
tember of each year, with the obligation of opening the 
gates in all times of flood.) 

Art. VIII. Secures to the Marchesc Ferdinando 
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Cavriani the power of constructing a temporary dam or 
spui', of certain specified dimensions, to be maintained in 
the river-bed from the 1 0th of October to the 10th of 
March of each year, but to be carefully removed on the 
latter date by the proprietor, so that the full supply of 
the river may be available for summer irrigation. If it is 
not removed on the date specified, the engineers, or the 
proprietors below, arc authorised to destroy it at the 
expense of the marchese. 

Art. IX. Prescribes very strict rules for the proprietors 
of mills, requiinng them to refrain from constructing any 
dams across the streams, or in any way whatever obstruct- 
ing the free course of the waters for irrigation ; to keep 
the escapes of their mills always open, so that the water 
may return to the rivers, allowing them only in cases of 
great scarcity of water to close the gates of the existing 
dams across the streams, until a ([uantity of water suffi- 
cient for the movement of one wheel has been forced into 
the mill channel : they are not [)crmitted to take more 
water than this until the rivers have returned to their 
ordinary levels. 

Art. X. Proprietors of land, bordering on the Tartaro 
and its affluents, are prohibited from breaking or in any 
w’ay injuring the banks, and from growing trees in posi- 
tions injurious to the same, or to the free course of the 
water. Any of the latter which may exist shall be cut 
down w'ithin eight days after the publication of the pre- 
sent regulation, after which time the agents of the govern- 
ment shall remove them at the c.ximnsc of the owners, 
confiscating the wood for the benefit of the governing 
authority. In future, the river proprietors shall be 
bound to maintain in good order such portions of the 
embankments as lie within the limits of their respective 
properties. 
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Art. XI, Prohibits anj proceedings destructive of the 
fish in tile Tartaro and its affluents. 

Art. XTI. The outlets, escapes, the retaining dams, the 
weirs, and all other forms of regulators by which water 
is drawn from the Tartaro and its afiluents, whether 
Mantuan or Veronese, being modulated according to the 
terms of the treaty ; the heiglits of sluices and locks 
being similarly fixed, the culverts, the bridge canals, the 
drainage channels being previously regulated ; the levels of 
the various springs and water-courses, both public and 
private, being established ; and the directions, breadths, 
and positions of the same water-courses being duly 
aiTangcd, the banks being repaired, the spurs and retain- 
ing dams removed, and all the channels of both provinces 
being placed in a state of efficiency, it is absolutely for- 
bidden to change the order of things thus established in 
any way whatsoever, under penalty of the loss of all right 
to water, which shall be forfeited in such cases for the 
benefit of the governing authority. Should the offender 
possess no rights to water, such process shall be com- 
menced against him, and such punishment inflicted upon 
him, as is specified at the close of this proclamation. 

Whoever may have occasion to alter any of the outlets 
or works above referred to, shall apply to the govern- 
ments of the respective provinces for the necessary 
authority. The changes in question shall be effected, in 
terms of the treaty, under the superintendence of the 
engineers deputed by the governments. The positions of 
the water-courses, whether Mantuan or Veronese, shall 
on no account be altered under pain of forfeiture, and the 
surplus-waters shall be disposed of only in the manner 
prescribed by the treaty. 

Art. XIII. When lands arc too high to be benefited 
by the water at its oixlinary levels, the proprietors shall 
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not be permitted to raise it by artificial woi’ks other than 
those permitted by the treaty. Such lands must remain 
uiiirrigated, and their proprietors are enjoined to submit 
patiently to this inevitable result of tlie elevated position 
of their estates. 

Art. XIV. The employers of the waters of the Tar- 
taro, and its affluents in Mantua and Verona, are required 
to limit their consumption of water, and their areas of 
iiTigation, according to the tables attached to the treaty, 
under penalty of confiscation of their rights for the bene- 
fit of the governing authorities. To insure the exact 
execution of tliis jirovision, it is permitted to any em- 
ployer to demand an ex o_fficio survey of the rice-irriga- 
tion in any district where excess is suspected, on condition 
that the expense shall be defrayed by the offending party, 
if an excess over the area fixed by the conti (jmsli of 
Gazo is found to exist, or, in the contrary case, by the 
party at whose instance the survey Avas undertaken. And 
in order that all may know the rule by wliicli such sur- 
veys shall be conducted, it is hereby declared, that in 
measuring the extent of rice-laud, an allowance of .'5 per 
cent on the total area shall always be made on account 
of land occupied by water-courses, banks, or other vvorks 
required for irrigation. When the excess is not more 
than 5 per cent on the area fixed for each proprietor in 
the oflicial tables, no contravention of the present rule can 
be established. When several irrigators employ the same 
outlet, the area of inigation in each separate property 
must be measured as above prescribed, so that in case of 
contravention the actual offender may thus be dis- 
covered. 

Art. XV. No one shall usurp the use of the water 
belonging to another. In case of usurpation, summary 
proceedings shall be taken to indemnify the injured party. 
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and the competent tribunals shall hold the usurpation to 
be proved, when any proprietor has derived benefit from 
water belonging to another, unless he can show clearly 
that such benefit was purely accidental, and was not due 
to any active measures of his own. 

Art, X VI, It is forbidden to open ditches in the vici- 
nity of the embankments of the Tartaro or its affluents, 
in which the waters of the rivers might collect ; and such 
of these as have been already opeued shall be promptly 
filled in again. It is also forbidden to excavate for new 
springs within an area of ;>0 pn'ticlie (about 325 feet) of 
the Tartaro and its affluents ; and should such springs be 
exposed, either by manual labour, or by natural move- 
ment of the water itself, they shall not be used for irriga- 
tion, under all the penalties above described. (Certain 
exceptions to this general rule follow, but it is not neces- 
sary to detail them.) 

Art. XVII. Iivigators who have legitimate titles to 
water their lands possess no rights to the suiiihis waters, 
{colaticcie,) which shall be allowed to flow freely to the 
rivers for the benefit of proprietors below. The sinifliis 
waters arc subjected to the same rules as the springs 
situated within 50 pertiche of the rivers, (325 feet.) 

Art. XVIII. Refers to some private agreements con- 
cerning rights of fishing. 

Art. XIX. Impo.ses on the chamber of Vei'ona the re- 
pairs of certain masonry works which have been injiu'ed 
by time and floods. 

Art. XX. 110161*8 all injured parties to the governments 
of the two provinces, and promises speedy redress of 
grievances. 

Art. XXI. Appoints certain parties on behalf of each 
province to inspect annually the Tartaro and its affluents, 
and to take measures in communication with the engineers 
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or other officers duly nominated by the two govennncnta 
for maintaining in full force all the provisions of the 
treaty. 

Art. XXII. Appoints two professional men to visit the 
works whenever necessary, and to execute all repairs. In 
the event of disagreement, provides for the nomination of 
other professional men, (periti.) 

Art, XXI II. As it is the will of the respective sovereign 
powers that full and entii'e obedience shall be enforced to 
all the provisions of the present proclamation, tlicy resolve 
that all offenders against the terms of this treaty, in addi- 
tion to repairing all damages caused by their transgression, 
.shall farther be subjected to such pecuniary or corporeal 
punishments as may seem right to the I’cspcctive govern- 
ments ; and if the offenders have rights to the enjoyment 
of water, they shall ho deprived of these, in addition to 
such otlicr penalties as may be imposed upon them, and 
their outlets shall be placed at the disposal of the govern- 
ing authority. And if the offenders should be unable to 
pay the fines inflicted on them, or to repair the damages 
they have caused, they shall be imprisoned for such 
periods as seem just in each case. All proceedings under 
the present act shall be summary and free from the ordi- 
nary formalities of judicial proceedings, each government 
communicating to the other the steps taken against 
offenders. 

To the end that no one may allege ignorance of the 
present edict, it shall be published and affixed in all usual 
places throughout the two provinces, with a view to its 
full and inviolable execution. 

The 19 </< day of June 1765 . 

The administrative and police details contained in the 
preceding articles, have special reference to the rivers 
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common to the two provinces of Mantua and Verona. 
The management of the streams and canals belonging 
exclusively to Mantua, is regulated by an edict of the 
Austrian government, dated the 24th December 1781, 
vFhich continues in full force at the present time. This 
document is the last which it seems to me necessary to 
give in illustration of the present section, and I will 
translate it in &&tenso only when the matter is new or of 
special interest. 

EJAct reffulatinf/ tJie use and distribution of voter in the 

proviii.ee of Mantua for irrif/utio’ii (»• hydraulic works. 

Art. I. Forbids the damming up, directly or indirectly, 
of water-courses of any class or kind, or the alteration of 
any escapes, weirs, or channels, in such manner as that 
the water may be turned to the use of the offending party, 
or to the injury of others, under a penalty for each 
offence of 2000 lire, (upwartls of .£60 !) of which half 
shall be granted to the informer. Failing payment of the 
fine, the offender shall be sentenced to imprisonment with 
hard labour for one year. 

Art. 11. The chief sources of injury to the banks, and 
of obstruction to the free course of the waters, are trees, 
underwood, or bushes of any kind. It is forbidden to 
plant those on the banks of the public canals and rivers, 
and such as exist shall be cleared away within twenty 
days from the publication of this edict. After this time 
the wood shall be cut down by the public olBcers, and sold 
for the general benefit of the associations of the rivers and 
canals. 

Art. III. The lines of piles placed in the channels to 
facilitate fishing cause serious damage. These shall all 
bo removed and sold for the general benefit ; and, in 
future, whoever replaces such works shall be subject to a 
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fine of 100 lire, (about £3,) whereof one-half shall be 
granted to the informer. 

Art. IV, The proprietors of mills and their work- 
people are forbidden to raise the water, by any means 
whatever, above the levels either already fixed, or to be 
fixed hereafter. During floods, they shall be careful to 
open the escapes, so as to prevent damage. Each oflcncc 
against this rule shall subject the oflender to a fine of 
200 lire, (about £6.) 

Art, V. All proprietors of w'atcr-courses shall be bound 
to maintain them in thorough repair, so that no water 
may escape from them into the public roads, or in any 
way cause damage to other parties, under a penalty for 
each offence of 200 lire, in addition to payment of all 
expenses for injuries done. 

Art. VI. All employers of water shall obtain the 
quantities defined and fixed by their titles and gi*auts. 
Forfeiture of all right to water shall follow the illegi- 
timate alteration or extension of the prescribed areas of 
irrigation. - 

Art. Vll, liike forfeiture .shall be the consequence of 
any improper interference with any of the various kinds 
of works on the canals. When a change in these is 
desired, application shall be made to the magistracy of 
water for the province, who will order the proper steps to 
be taken. 

Art. VIII. Employers of water who have irrigated the 
areas assigned to them, shall be bound to allow the sur- 
plus waters to flow oft’ freely for the benefit of lower-lying 
lands. To this end, every proprietor shall be bound to 
establish drainage channels for the collection of the surplus 
waters ; and neglect in doing so shall entail forfeiture of 
all right to water from the respective canals. 

Art, IX. Orders that periodical inspections of the 

VOL. II. o 
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canals be made by the prefect or vice-prefect of the pro- 
vince, SO as to insure observance of the provisions of the 
edict. 

Art. X, It being a common but mischievous practice 
for parties to carry water to lands so placed that the 
surplus waters are entirely lost, it is ordered that every 
landed proprietor shall cause to be made, at his own 
expense, a map of his' property, on which the irrigable 
land shall be shown in its true dimensions, and with its 
heights above the sources of supply of water clearly exhi- 
bited ; also, all tlio water-courses, culverts, roads or jnhi- 
cipal canals, afpicducts, weirs, locks, and every other kind 
of works, shall be plainly shown. Thi.s map shall be 
preserved a.s a record in the ollicc of the magistracy of 
waters, and shall be corrected from time to time, as 
changes are duly sanctioned by the proper authorities. 
Neglect of the present order shall be punished by loss of 
rights to the water. 

Art. X I. No changes of any kind shall be elfceted 
but under the orders ol the magistracy, executed by the 
prefect or vicc-prcfcct. 

Art. Xll. The conservators of the ditlereut irrigating 
associations arc enjoined to watch over tlic efficiency of 
the works under their charge. They shall make an 
annual inspection, and submit a report on the works to 
the congi'cgations of their respective associations, indi- 
cating all the repairs or new buildings required, and 
estimating the probable expense thereof. The visits shall 
be made diiriug the first days of the month of February, 
and the congregation shall be held about the middle of 
the same mouth. By which means all neetlful repairs 
may be completed about the middle of April, when the 
demand for water arises. 

Art. XIII. Ihe conservators shall be careful to clear 
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the canal-beds of all water-plants and weeds, causing 
them to be dug out bv the roots for some distance from 
the water’s edge, throwing the refuse clear of the embank- 
ments. If necessary, clearances of this class shall be 
executed three times a-ycar. 

Art. XIV. All parties are enjoined to receive, and 
execute with promptitude and goodwill, the orders of the 
conseiTators of the diflcrcnt associations. Disobedience 
shall be punished by a fine for each ollencc of 200 lire, 
(about £6,) which shall be increased at the disci’etion of 
the magistracy ; if anj'^ olFcncc be committed a second 
time by tlic same ]>arty, it .shall be lawful to proceed 
against him, under the provisions of the municipal laws. 

Art. X V. The annual tax .shall bo paid by all i)artic.s 
within tlic time prescribed by the congregations, and 
dcfaultei's shall be proceeded against without further 
notice. 

Art. XVI. Parties not possessing legal titles to irriga- 
tion shall not use, even to the smallest extent, the watein 
of the canal. The first ollencc against this rule .shall be 
punished by a fine of 1000 lire, (about .it;50,) with for- 
feiture of all the inigated produce, and compensation to 
parties injured by the raLsappropriation of the waters. 
The .second olTcnce shall be punished by the confiscation 
of the land illegitimately irrigated. 

Art. XVII. We reserve to Ourselves the right to make 
grants ofwater for irrigation; and We hereby declare, that 
if it should come to our knowledge that arable or forest 
or meadow lands have been broken up for the purj)Ose of 
creating rice-fields, in excess of those fixed by considera- 
tions of public police, and duly limited thereby, the grants 
thus abused shall be revoked ; and we give notice that 
we will not in futui’o allow' any new rice cultivation to be 
established, until it has been proved to our entire satisfac- 
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tion that the lands to be so employed are all in such low- 
lying localities as to be unfitted for use under any less 
injurious kind of cultivation. 

Art. XVI 11. In making grants, we do not thereby 
Test in the grantee the right of property in the water, 
but only the right to use it either in irrigation or for 
hydraulic works. The right of property shall remain as 
heretofore among the rights appertaining to the crown. 

Art. XIX. Ill all grants for the use of water, whence- 
soever derived, from colalure or from M'orks, we maintain 
in full force the provisions of e.\isting treaties, in con- 
sideration of the benefits hitherto derived from their 
observance. 

Art. XX. Every grant shall be expressed in terms of 
the (juadretfo Veronese, by which is meant that quantity 
of water which flows through a square outlet for irriga- 
tion, having each side equal to 1 Veronese foot, and a 
head of pressure equal to 2 Veronese inches — {i. e. in 
I'liglish measure, the side of the square equal to 13.3C2, 
and the head to 2.23 inches.) 

Art. XXI. To guide grantees in their specifications of 
the volumes of water necessary for their lauds, it appears 
from experiments made with the qnadretto, as abov'e de- 
fined, that the water furnished by it is sufficient for the 
primary irrigation of 80 campi Veronesi employed in rice 
cultivation. (The cfinipo VtTonrse is equal to ■very nearly 
uine-tentlis of an Eugli.sh acre; hence the area above spe- 
cified is equal to 72 English acres.) The first surplus 
w'aters {prime scolaticce) are sufficient for the imgation 
of 40 campi (36 acres,) and the second [seconds scola- 
ticce) for 20 campi (18 acTOs,) in addition to the pri- 
mary area.- (1 may remark on these data, in passing, 
that the value ot the qtiadretto Veronese, in English mea- 
sure, is very nearly 5 cubic feet per second. The total 
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area, including priniaiy, secondaiy, and tertiary irrigation, 
which, on the present authority, this rohnne is .competent 
to water, equals 144 English acres — the land being under 
rice, lienee tlio cftcctive area of irrigation for 1 cubic 
foot per second is 28.8 acres.) 

When the water is employed for meadow lands, the 
qucidretto is sufficient for the irrigation of 25 campi 
(22.5 acres) in twenty-four hours, or for 175 campi 
(157.5 acres) in a rotation of seven days; and the same 
proportion holds good according to the larger or smaller 
extent of land, or to the variation of the periods of rota- 
tion. (It therefore appeai-s, that for meadow-land 1 cubic 
foot of water is sufficient for the irrigation of 31.5 acres 
in a rotation of seven days, or for G3 acres in the more 
usual period of fourteen days.) 

Art XXII. 'fhe price of such a <jua<hello of water 
(and proportionally for one-half, one-fourth, one-sixth, 
according to the wants of the grantee) shall be 44,400 
lire, (£1480 nearly,) when it is to be u.scd on lands 
already in great part cultivated ; but in case of the lands 
being generally uncultivated, the price shall be only 
39,000 lire, (£1300 nearly.) These sums shall be paid 
by the different consumers of the watei’, according to the 
tariff hereunto annexed. (From these data, it appears 
that, in the province of Mantua, proprietors of lands fully 
cultivated j)ay for water at the rate of £290 per cubic 
foot per second, and proprietors of inferior lands at the 
rate of £260 for the same quantity. Payment of these 
sums in capital gives a perpetual right to the use of the 
water. The prices do not vary much from those in the 
Milanese and elsewhere.) 

Art. XXIII. For all rice and corn mills, (excepting 
the floating mills on the Po, the Oglio, and other rivers, 
for which the annual rent has been fixed in wheat by the 
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iQiigisterial chamber,) the price of water shall be 10,000 
lire (about £333) for each wheel supplied with a constant 
stream of water, and for others in a like proportion, 
according to the time during which they respectively 
receive water sufficient for their effective action — {L e., if 
they can work only for half the year, they pay half the 
above sum, and so on for other periods.) 

Art. XXIV. For all other hydraulic works designed 
for mauufactures, the gratuitous use of the necessary 
volume of water shall be granted for fifteen years. After 
the lapse of this period, the proprietors shall be bound to 
pay an annual sum of only 100 lire, (a little more than 
Ai3,) with the power of redeeming the same by a single 
payment of the capital, calculated at the rate of four per 
cent. 

Art. XXV. Every ptirchaser of water is permitted, 
without limitation of time, to pay the price of the quan- 
tity of water granted to him, either in capital, as above 
established, or in lieu thereof by an annual sum, calcu- 
lated at the rate of 4 per cent on the capital value, com- 
mencing fron\ the date of the contract. To facilitate the 
payment in capital by parties of limited means, it is per- 
mitted to liquidate the total amount in four equal instal- 
ments, (annual, .1 presume, though no specific iuter^'als 
arc mentioned. Under the operation of this rule, the 
annual j)ayment for 1 cubic foot of water in the province 
of Mantua would range from ,£10 for inferior, to £12 for 
superior lands. As this volume irrigates annually 28.8 
acres of rice laud, and 63 of jneadow-, the cost per acre is 
about 8s. 4d. for the former, and 3s. 9d. for the latter.) 

Art. .XX V’’!. 'fo insure the reform of abuses, and to 
protect the interests of the royal treasury, all employers 
of water shall be bound to submit their titles, after due 
notice, to a deputation of officers, which from time to time 
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shall visit the canals, with full authority to investigate and 
dispose of all cases brought before them, according to 
their judgment. 

Art. XXVII. Tlie guards {campari) and police {birri) 
shall use all diligence in protecting the interests intrusted 
to them, and shall denounce Jill contraventions to the 
secretary to the magistracy of waters. In cases of neglect, 
the oflending party slnill be declared incapable of again 
serving the State ; but if colliusion or participation be 
established, he shall l>c sentenced to imprisonment with 
hard labour for a period not exceeding three years, accord- 
ing to tlie decision of the magisterial chamber. 

Art. XXV III. The magisterial cliambor shall deter- 
mine all farther provisions necessary to tlic execution of 
our laws, and shall ilccido on all matters connected with 
the waters of the province. 

Art. XX JX. enjoins general obedience to the edict. 

The tariff referred to in Art. XXII. is as below. I 
have shown the approximate values of the sums given in 
English money. 1. say approximate values, because there 
are various lire in use, and the edict docs not specify 
any particular one. Ily assuming the value of a lira 
to be Sd., however, wc are exact enough for practical 
purposes. 


[Tariff 
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Tahiff of Piik:eh of Water for luRiOATroN per Quadretto 
Veronese, in the Province of Mantua. 


i 


! Tlie iii'sfc . • 

TIk* hocoikI tmiployor, for the ) j 
lirsL si.irpliiri waters, i 
Tlio Diird eiiiployor, for thel : 
soeoinl Kurpluii wjiloj’si, ) j 


Fur I.nml In 
jyreat part 
eulti\aU‘d. 

.£815 14 0 

lee n o 

211 0 0 


■ For land very par- 
; tially, or not at .ill 
j cultivated. 

_ 

: ^742 17 4 i 

j 371 8 8 

I IK.*) 14 0 


Total per tjuatinUn, espial 
t<.» 5 eubi(.' focL por kov 


vpial I ! 
,‘OU<l, J j 


£1430 0 0 ;.tl300 0 0 

! 


To supply the means of comparing these results with 
others in the former sections of this report, I annex the 
values of a cubic foot per second, as deduced from tlie 
preceding tabic : — 


Value of one eiihie Value nf on« eiildo ■ 
ftmt i-iT Muiuiid (if , foot of water for 
water :V‘r first-claM sceoiul elaw 
land. laiui. 


For \\\v first cinplDyrr, 
For tin* siieonil do., . 

1 For tlie third d».»., . 

i 


2 ;i A' 148 11 (i : 

SI 4 (i 74 t> • 

4:2 ja y . sr -j 9 j 

■ i 

XJIdj 0 0 ^ .£2()0 0 0 I 


From the details 1 have now given of the interior 
management and police of the rivers Olona and Lambro 
in the province of Milan, of the Canal Muzza in the 
provinces of Milan and Lodi, of the Tartaro and its 
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affluents in Mantua and Verona, and lastly, of tlie 
streams and canals specially belonging to tlie former of 
these two provinces, a sufficiently clear idea will, I hope, 
be found of the general organisation of the Irrigation 
System tlironghout Lombardy. Perhaps a summary of its 
main outlines, divested of detail, will be the most fippro- 
priate conclusion to the present section which I can give. 

The controlling and directing authority in all matters 
connected witli liydraulic works is vested in the direction- 
general of public constructions, established in Milan, and 
presided over by a diroctor-gcneral, always an engineer 
of clistinguislicd reputation.'*'’ Attached to tin’s office are 
chiefs of the dillcrent departments of waters, roads, public 
buildings, &c., some of whom make periodical visits of 
inspection to the provinces, while others remain per- 
manently at headquarters. In subordination to the 
dircctioji-goneral, tlie chief of the canal department regu- 
lates the interior economy of the great government canals, 
through the agen<?y of the local superintendents and 
guards ; and in those districts w-licrc no government canals 
exist, references to the direction -general arc made through 
the government engineers in eacli province. Through 
these channels the government exercises its controlling 
authority over tliat immense scries of local associations 
for irrigation, which is spread over the whole surface of 
the irrigated regions of Lo\ver Lombardy. Each of tlicse 
associations is self-administering — is represented by an 
elective council, in whicli is vested the power of nominat- 
ing one or more engineers and subordinate agents, as the 
extent of the works or the area of irrigation may render 
necessary — is competent to impose taxes to the extent 

* The present direotov-gencj*al is Signor Elia Lombardiiii, of whose high 
attainments and unvarying kindness T had repeated pruofs during my residence 
ill Milan. 
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necessary for maintaining tJie works, to determine all 
interior regulations, and to act freely within the limits 
prescribed by the laws, and under the general superin- 
tendence of the superior administrative authorities. By 
tliesc associations the great mass of the civil engineers, so 
numerous in the country, is maintained in constant and 
profitable employment ; and it is unquestionably to the 
energetic operation of the principle on which they are 
founded, in combining effort and giving command of 
capital far beyond what isolated individuals could have 
done, tliat tlie wonderful development of the In-igation 
System of Lombardy is to be traced. In thus collecting 
the proprietors of water into grouj)S, and giving to each 
group its fairly elected representative body, its president 
and executive council, as it wore, there is a simplicity and 
efficiency which highly recommends the system ; and I am 
glad to think that, long before we had any knowledge of 
its having been sanctioned by centuries of practical expe- 
rience in Italy, it had been introduced independently into 
our canal ;idmiuistration in Northern India, with the 
happiest ])ossiblc results. It has been established as the 
sole principle on which water shall bo granted from the 
gi'and Clanges canal. The two millions of cultivators 
who will ultimately depend on this great arterial line and 
its brandies for their irrigation, will be linked together 
in a series of such bodies as I have above described ; and 
I trust it may be considered expedient to introduce the 
representative system into the organisation of these bodies ; 
for I am sure it will bo found the most eflective means, at 
once of stimulating the development of irrigation, and of 
facilitating the police duties, and the administration of the 
works, as vested in the oflicei's of the government. A 
principle which is found to pervade the irrigation systems 
of Italy, Franco, and Spain, and is admitted to work 
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satisfactorily in all, may advantageously bo introduced 
into that of Northern India, M’here, too, tlio habits and 
feelings of the people, as illustrated in their village asso- 
ciations and ordinary social customs, prove that such a 
principle is already fivmiliar to, and sanctioned by them, ''' 


SECTION LAST. 


!<AMT.\ nr i{i;oirr.ATii ),\s. 

However much the higliest authorities on the subject insiy 
dillcr as to the true nature of that malaria which mani- 
fests itself by its iiifinence on health in marshy districts, 
there are certain circumstances under which all sigrco that 
it is inevitably to bo looked for. When tracts of country 
covered with vegetable matter, subject to periodic decay, 
are alternately wet and dry — when, in addition to tbi.s 
alternation, the moist and .semi-putrescent soil is acted 
on by the powerful stimulus of a temperature occasionally 
almost tropical, all experience siiows that miasmatous 
influence, productive of fevers and other forms of di.sease, 
is generated. It does not concern me now to impiiro 

'' The Vmchayotf literally implying' a Coiinoil of Five, bnfc applied a-s a 
geneiic term in practieo, is the favourite arbitration system in tins part of 
India. The Lumher<Iar», or headmen of the village communities, arc the repre- 
Bcntativcss of the entire population. AVe have now the associative principle 
fully recognised in our irrigation systeni, but the organisation of the a^socia- 
tioiiB is still very impcvfcA't. The fonnation of a Pv.uchnyat for each cliief 
watci^coui'.se (UajhuJta) would greatly simplify Uio dealings of the canal oflicers 
with the cultivators, especiall}" when these come to he jiuuibercd by hundreds 
of thousands in each executive division. Tho Cuinjrcyaiitfm of Northern Italy, 
tlic Syndicates of Southern France, the Juntas (rcveral and Ordinary of 
Spain^ are all thus represented by executive councils having relations wdtU the 
government officers. The organisation of associations for iiTigation is com- 
paratively modem in France ; but in Spain it date.H from a very remote epoch 
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what the nature of this influence is ; iu fact,. I ani well 
aware that it has hitherto eluded the most careful inves- 
tigations, and is to be recognised only by its effects on the 
animal frame. I advert to one series of conditions as 
above, under Avhich it is known to be developed, because 
these arc present in certain forms of irrigated cultivation ; 
and it is to the measures which the government of Lom- 
bardy has seen it expedient to adopt, to counteract, as 
far as possible, the prejudicial results of these kinds of 
culture, that I propose now to direct my attention. 

The species of culture in Northern Italy to which 
objections have been taken on sanitary grounds, are those 
of rice, mar cite or constantly flooded Avintcr meadows, and 
common periodically-irrigated meadows. The ojiposition 
to the former has been decidedly more vigorous and con- 
tinuous than to the latter. Public opinion is almost 
unanimous as to the nnhealthincss of rice cultivation, 
and concerns itself about palliations for it, in the hope 
rather of reducing it to a minimum, than of removing 
it altogether. There is by no means tlie same general 
agreement regarding the insalubrity of winter, or common 
meadoAV, irrigation ; and I shall have to show hereafter 
some fair grounds for believing that these kinds of culture 
are not unhealthy ones. At present I will give a rapid 


yo voinoto tw lu out* ! Tlio oarlioyt crcdilili! ilatc of oxLst-ing regulik- 

lions ifi, howovor, lioy ; though wo arc gravely assured that tins royal canal of 
Moncada, ti» wliicli they u]>ply, was originally coiistructed during the year S50, 
after the dclngt* • The chronology of canals and the cKoicaux en JKspoufnef havo) 
1 fear, foundations ol the s^iriio aCiriiil cluu'actcr ! Fables apart, however, tho 
juntas of irrigation date cfriautf^ from the reign of James I., king of Arragoii, 
or from the beginning of the 13th ceutuiyj and //roltalfly tlieii' Arst forniatiou 
was earlier, ns the Moors coiistnictcd laigc and important canals during thoir 
sovereignty iu Spain, leaving permanent records thereof in the technology of 
irrigation, in which a great uuiubor of terms are palpably Arabic. There is a 
great ileal of most iutcrcsting mfoitnaiion ou the irrigation canals of Spain, in a 
w^ork by Joubert dc Tassa, of which a copy is now before me. It is entitled, 
Trarefs in Sj^ain, or liefearcha on Irngathnj &c. 2 vols. Paris, 1S23. 



INTRODUCTION OF BICE BY THE MOORS. 


221 


historical sketch of the progress of sanitary legislation in 
Lombardy, whicli exhibits curious ebbs and flows of opinion 
on the subject, worthy of brief consideration. 

The introduction of rice cultivation into Europe is 
attributed to the Moors of Spain,* and, so far as is known, 
took place about the close of the thirteenth century, at 
which period a large number of the canals of irrigation 
in the country were constructed. After the conquest of 
Valencia, the Spanish government continued the cultiva- 
tion for some time ; but on account of the numerous com- 
plaints against its insalubrity, they wore compelled to 
prohibit it altogether. This prohibition was continned 
by the king Don Pedro in 1342, and in 1403 was made 
applicable to the entire kingdom. Since that period, the 
culture of rice has been successively tolerated, sauctioned, 
or forbidden, in constantly varying succession, though at 
this moment it e.Kist8 to a considerable extent. Its fate 
in Italy has been very similar. Introduced into the 
Venetian provinces about the beginning of the fifteenth 
century, it extended rapidly through the marshy tracts so 
common in this region. The great swamps of Verona 
and Mantua, useless for every other species of culture, 
offered a profitable field for rice ; in these it was early 
established, and has always continued to be of great im- 
portance. Its progress to the westward was slow, and it 
was not until the middle of the sixteenth century that the 
rice cultivation of the Milanese became of sufficient extent 
to attract public attention to its sanitary relations. Its 
development thus kept pace with the progress of that 
great system of irrigation canals which had been perfected 
at this same time. 

The earliest sanitary regulation on record bears date 
the 4th of September 1575. By this, rice cultivation is 

* Voywje €H Espagne, par M. Jovbekt de Passa, vol. ii. p. 267. 
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restricted to certain areas in each district, and is alto- 
gether prohibited within certain distances of inhabited 
places. Two reasons arc assigned for these measures : 
Ist, To maintain the proper ratio between rice and other 
kinds of oiltivation, which probably may be taken as an 
indication of the raj)idity w'ith which the former was ex- 
tcjiding; and 2d, The numerous complaints which had 
been received against its insalubrity. The principles of 
restricting the area of the culture, and i)rohibiting it in 
the vicinity of human habitations, which thus appear in 
the very first regulation published, will hereafter bo found 
to pervade the entire course of sanitary legislation, and, 
with variations of detail, to bo in fact the only principles 
recognised in the system. In 1583, the duke of Terra- 
nova, then governor of Milan, prohibited absolutely the 
establishment of rice-fields in nianshy places throughout 
the whole territory of Milan, which then included the 
provinces of Novara and the Lumcllina. As may be sup- 
posed, such a regulation caused e.vtrcrao dissatisfaction. 
Proprietors of such lands, who before had derived great 
profit from them, found their revenues suddenly annihi- 
lated, and opposition to the order was vigorous and 
decided. In 1593, a now regulation was issued, by which 
the above prohibition was modified, and the culture was 
forbidden within a radius of (1 miles round Milan, and of 
5 miles round every other town. Considering the area of 
the provinces commanding a full supply of water, and the 
number of towns of various sizes scattered throughout 
them, the land thus withdrawn from rice cultivation was 
of serious extent, and the regulation was still the cause of 
much bad feeling. On the part of the landed proprietors 
it was urged that no distinct proofs hiul been obtained as 
to the degree in which rice cultivation was injurious to 
health ; that the injury itself was matter rather of pre- 
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sumption than of proof ; and that it was most unjust for the 
government to interfere with the free exercise of the right 
of property on grounds still so indeterminate. It was 
therefore held that, until e.xpcriraouts and investigations, 
calculated to establish clearly the facts of the case, had been 
undertaken, it was mischievous both to public and private 
interests to enforce prohibitions so c.xtcnsive and severe. 
The government of the day gave a certain amount of con- 
sideration to these comj)laints; and thougli the proliibition 
was not removed as tlie landowners wished, its limits were 
restricted. Tlio prescribed distance for Milan was li.\od at 
4 miles, and for otlier towns at 3 miles ; but in practice 
the terms were very imperfectly observed. A little later, 
the government established a regular system of sale for 
permissions to form ricc-lands, and authority to do so 
was granted by a body of otliccrs of health, on payment 
at first of a certain fixed sum, and subsequently without 
any payment at all. In 1000, the Spanish government 
farther relaxed the terms of the prohibition, by allowing 
the distances to be measured from the centres of the 
towns, and not from the exterior w'alls, or from the 
terminations of connected buildings, as was previously the 
rule. In 1630, a frightful pestilence dcva.stated the pro- 
vince of Milan, and led to renewed complaints against 
the rice-lands. Many years passed by, however, without 
any decided movement being made to give cllect to thc.se, 
though in the mcanw'hilc inquiries had been instituted, in 
which nearly the entire medical faculty of the country are 
related to have taken a part. The results were so far in 
favour of the rice cultivators, that in 1661, and on the 
evidence above referred to, the government came to the 

* There is but little differcuee between the Englisli and Italian miles nbovo 
referred to- The conmion Italian mile is 1US2, and tbo small one is 1818 yards 
in length. The distances above given arc in the former. 
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conclusion that the injurious influence of the culture on 
the public health was open to question, but that there 
could be no question whatever as to the mischievous 
efiect of the restrictive system on the agiiculture of the 
country. Willing, however, to give sanitary considera- 
tions the benefit of the doubt that existed, it was resolved 
to maintain the existing prohibitions, only witli the sub- 
stitution of the small mile of 18 1.8 yards for the large one 
of 1982. The distance for Milan was therefore reduced 
from 7928 to 7272 yards, and that for other towns from 
594G to .'54r)4 yards. It M'as further decided that those 
measures shoidd bo made from the centres, and not from 
the exteriors of the towns. It cannot, however, be said 
that the government v’as much in earnest in enforcing its 
own laws on thi.s subject. The tide of opinion, in fact, 
flowed fairly at this time in fiivour of the agricultural 
interc.st. In December 1(>C8, a new edict, farther dimi- 
iiLshcd the distances to 0494 yards for Milan, and 3686 
for the other towns. The execution of this edict was 
preceded by a new examination of physicians and 
engineers, the tendency of whose opinions is sufficiently 
indicated by the modifications just referred to. The 
parties generally opposing the extension of the culture of 
rice were the municipal authorities of the tow'us, naturally 
anxious for the salubrity of the places under their charge. 
The entire body of the country proprietors was opposed 
in this rcs])cct to the towns, and the government doubtless 
found it an ungrateful task to mediate between the dis- 
putants. A reaction against the proprietors, who had 
hitherto the superiority in the contest, occurred in 1694, 
when the king of Spain, as sovereign of Lombardy, 
restored the ancient distances of 4 large miles for Milan, 
aud 3 for the other towns, further requiring the distances 
to be measured, not from the centres, but from the exterior 
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limits of the inhabited places. Tlicso provisions appear 
to have continued in force, nominally at least, for nctu'ly 
a century ; but as in all times past, the execution of them 
was little, if at all, attended to. 

We are now arrived at the period when the existing 
sanitary rcgidations had their origin. They arc based, 
like the general legislation of irrigation, on an act of 
Napoleon, bearing date the 3d February 1809 ; and 
though some of the provisions of this have been modilied, 
1 think it will be interesting to give the regulation in full, 
as an illustration of the manner in which this ejuestion 
has recently been treated in Lombardy. 

“ Italian Regulatiox of the .3d February 180.9, 
relative to Kice-Lands, to Maucite Meadow.s, 
and to iRRio.vTiur Meadows. 

“ T.r.iTA; I . — Of 

“ 1. In iuturc no one shall bo permitted to convert 
land into ricc-fiolds, without the special permission of the 
prefect of the department in which the land is situated. 

“ 2. Offenders shall bo punished by a fine equal to 
twice the value of the annual produce of the land formed 
into rice-fields without pemission. 'fhe proprietor 
equally with the tenant shall be subjected to the above 
fine, unless the former can prove his ignorance of the act 
of contravention. 

“ 3. I’crmission to establish new rice-fields can be 
granted by the prefects only under the following limita- 
tions, viz., — 

“ (Is/.) That the fields so established shall be at a 
distance from the capital of the kingdom, of at 
least 8000 metres, (4.97, or say 5 English miles.) 
vox.. II. p 
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“ (2(1.) That thcj shall be distant from communes of 
the first class and fortified places, at least 5000 
metres, (3,10, or in round numbers, 3 English 
miles,) 

“ {3d.) That they shall be distant from communes of 
the second class, at least 2000 metres, (1,24, or 
1|, English mile,) 

“ (ith.) And finally, that they shall be distant from 
communes of the third class, at least 500 metres, 
(0.31 English mile, or about 530 yards,) 

“ 4, The distances proscribed in the foregoing article 
shall be measured in right lines from the e,vterior ^Yalls ; 
ill the case of walled [ilaccs, and in that of open places, 
from the last hou.se Ai’hich forms part of the aggregate 
habitations of these places. 

“ 5, The rice-fields now existing within the distance 
prescribed for the capital shall bo adapted for other 
cultivation, within the space of three years from the 
publication of the present decree, under the penalty speci- 
fied in Art, 2, 

“6, With reference to the other communes of the 1st, 
2d, and 3d classes, proprietors of rice-lands now e.xisting 
within the prohibited limits are permitted to continue the 
cultivation of them until otherwise ordered. They are 
forbidden, however, to increase and extend their rice 
cultivation without the permission prescribed by Art, 1, 

" 7, We reserve the right to detennine farther regarding 
the above prohibitions, and the periods of their execution, 
after we are in possession of the opinions of the municipal 
councils of tho respective communes, and of the councils- 
general of the departments on the points referred to. 

“ The minister of the interior is requested to direct the 
prefects to submit the present question for the : con- 
sideration of tho municipal and general councils. 
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“ The deliberations shall bo held during the next session, 
and the decisions shall be immediately forwarded by the 
prefects, with their own opinions attached. 


“Tm.E IT. — Of Marcite and Irrlgakd Meadows. 

“ 8. It is forbidden to establish constantly or periodi- 
cally iragated meadows in the interiors of inhabited places. 

“ 9. By the close of the present year all such mcadoM’S 
shall be adapted to other kinds of cultivation. 

“■ 10. It is equally forbidden to establish such racadow'S 
in the vicinity of communes of the first class or fortified 
places, without the permission of the prefect. 

“11. This permission shall be granted only on the 
following conditions : - 

“ (Isf.) With respect to the capital, the irrigated lands 
shall be distant 1000 metres at least, (0.62 Eng- 
li.sh mile, or about 1100 yards.) 

“ {2d.) With respect to the communes of the first class 
and fortified places, the lands shall be distant 500 
metres at least, (about 530 yards.) 

“ The distances shall be measured as for rice-lands. 

“12. Before the close of the year 1811, all per- 
manently or temporarily irrigated meadows within the 
distance of 1000 metres from the capital, and of 500 
metres from first-class communes and fortified places, shall 
be employed for other kinds of cultivation. 

“ 13. The provisions in Art. 2 shall be applicable to 
oifenders against Articles 8, 9, 10, and 12. 

“ 14. The fines received for violations of the present 
decree shall be levied by the rcceivers-gcncral of finance, 
and shall be paid into the royal treasury. 

“ 15. The ministers of the interior and finance are 
charged with the execution of the present decree, in all 
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that concerns their respective departments. It shall be 
published and recorded in the Bollstino deUo JjCffgL 

This regulation was not destined to be more permanent 
than its predecessors of ancient times. The enforcement 
of Articles .'5 and 1 2 would have been niinous to a large 
number of those proprietors who, clustering round the capi- 
tal and tlic other large towns, hud established there those 
magniheent meadows to which I have often referred as 
being the richest in Lombardy. Hence, by a decree of 
the Viceroy Eugene, under date the 11th of March 1812, 
these two articles were suspended until the publication of 
a rural code, which was to embrace all such points, but 
which has never bccji heard of again since the downfall of 
the kingdom of Italy. The regulation, however, with 
the exception of those articles, was restored to full force 
in rcgaixl to rice cultivatiou by a circular of the govern- 
ment of Milan, dated 1st .lune 1839, so that it may be 
regarded as the present sanitary law of the kingdom. 
The provisions rogardijig marcite and common meadows, 
though quoted in the latest collection of the regulations I 
have seen, (dated 184(5,) arc, 1 conclude, tacitly neglected ; 
for I am sure I saw myself countless instances in which 
they had been violated with iinpunity. As regards 
restrictions on rice cultivation, the law has the support.of 
the great mass of opinion, but it is not so in the case of 
the irrigated meadows. The government recognises this 
diflerence in practice, and has not concerned itself in 
regulating fiu'ther in detail for the latter species of culti- 
vatiou. 

The steps to be taken in applying for permission to 
form new rice-fields arc prescribed in a regulation of the 
Austrian government, dated 19th May 1817, and still in 
force. These arrangements arc as follows : — 
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“ 1. Parties desiring licenses for the establishment of 
new rice-fields ouglit to submit the same to the district 
commissaries, at least two mouths before the second meet- 
ing of the communal council or convocation general, which, 
according to Articles 11 and 42 of the notification of the 
1 2th April 1816, should beheld each year during the 
month of September, or, at latest, of Octobci'. 

“ 2. The district commissaries sliall transmit these claims 
without delay to the administr.ations of the communes 
within which the lands in question arc situated, request- 
ing them to cause an engineer or authorised surveyor to 
measure the exact distance of each field irom the walls of 
the place, if walls exist, and if not, from tltc last house 
forming part of the mass of buildings constituting the town, 
as prescribed in Art. 4 of the decree of 3d b'ebruary 
1809 ; noticing that these distances should be measured 
from the places nearest to the fields in which it is i)ro- 
posed to cultivate rice. 

“4. I’hc engineer or surveyor ought to note in 
his survey, among other things, especially the follow- 
ing 

" (Is^.) The denomination of the field, (in the cenw or 
revenue survey, I presume,) and its position, 

“ {2d.) The quality of the land, whether marshy or 
not ; and if the firet, whether or not it is capable 
of any other kind of cultivation. 

“ (3<?.) If there exist other rice-fields in its immediate 
vicinity or not. 

“ {ith.) Finally, the source of the water which is to be 
used for inigating the land — the possibility of its 
drainage or filtration being injurious to the drink- 
ing-water of the neighbourhood, either for man or 
beast — whether or not it is likely to render the 
adjacent lands damp or marshy. 
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“The expense of the survey shall be borne by the 
applicant. 

“ 5. The claim and the survey being submitted to the 
communal council, and duly considered by them in rela- 
tion to the public health, they shall proceed to vote ; and 
in recording their decision, they are required to note 
whether rice cultivation has ever before been introduced 
into their commune or not. If it has been so introduced, 
the total area of rice-fields previously existing in the com- 
mune must be specified. 

• “ 6. Tlic district commissaries slm.ll forward, Avithout 
delay, the original demands, surveys, and decisions, to 
their respective provincial delegations, annexing details 
of any circumstances likely to guide the siipcvior authori- 
ties in forming their opinions on each case. 

“ 7. The provincial delegations having carefully exa- 
mined all the documents connected with each case, and 
liaving recorded their opinions, shall prepare a general 
tabular statement of the whole, to be submitte<l to the 
I. R. Government not later than the mouth of December 
of the same year.” 

From the data now given, it would appear that in 
Lombardy the sanitary legislation of irrigation is in a 
very imperfect state ; that practically it affects rice culti- 
vation alone, by establishing certain rules for regulating 
its extension, the application of which, in each particular 
case, is determined by the will of the government. The 
distances fixed by the law of the 3d February 1809 are 
generally neglected ; and I do not think I shall make any 
serious error if I state, that at the present moment the 
agriculture of irrigation, though nominally restricted by 
the existing regulations already quoted, is, under the sys- 
tem by which these regulations are administered, really 
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and practically free to extend itself, according to tie 
wishes, the wants, or the supposed interests of the pro- 
prietors of the waters. 

I am concerned at present rather with things as they 
are, than with things as they ought to be ; and I will 
therefore postpone the remarks that suggest themselves on 
the state of affairs described above, until the experience 
of Piedmont has been examined. Meanwhile, I may 
very briefly give some details, which seem to me to justify 
the non-interference of the government in the case of 
marcUe and common meadow irrigation. Wliy, indeed, 
the latter should ever have been interfered with at all, 
seems to me diflicult to understand. The meadows are 
watei'od once a fortnight usually. The <piantity of water 
thrown upon them is equal in its effects to a heavy shower 
of rain, but scarcely more. Means of efficient drainage 
are invariably establi.shed under the best of guarantees — 
the guarantee of self-interest in the valuable surplus 
watcr.s, or coluture. Stagnation of the water, even for a 
very limited time, is rigidly guarded against, as an imper- 
fection most injurious to the crop. With such provisions 
and precautions, it is impo.ssiblc to conceive that irrigation 
can be mischievous to health ; and the idea that it is so 
seems to be universally abandoiicd. 

As regards the winter meadows, which are continually 
under water, there seems greater room for doubt ; but 
even with these, the balance of evidence appears to be in 
favour of leaving them free to expand at the will of the 
community. In the work on winter meadows by Signor 
BeiTa, to which I liave before had occasion to refer, there 
is a very elaborate discussion on the sanitary relations of 
this species of culture. There is no necessity for my giving 
this in detail ; but I think an abstract of it will not be 
devoid of interest. 
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“ The fundamental i)rinciple," says Signor Berra, “ of 
this kind of cultivation is, that tlie water shall be in per- 
petual movement ; consccpicutly, any stagnation wliatever 
is not only miscliievous, but is a Violation of the firet 
rule to be observed. Farther, it must be borne in mind, 
tliat winter meadows exist only during the cold season, 
when the temperature is low, and the tendency to putre- 
faction limited — the vegetation never decays — it is in 
continual and vigorous growth. How is it possible, then, 
to rauk our marcite meadows, in reference to their influence 
on tlie public health, witli marshes of stagnant water full 
of decaying animal or vegetable matters '{ I have no idea 
of assorting that the climate of Lower, is equal in salu- 
Im'ty to that of Upper, Lombardy. I admit that the 
natives of the latter are more robust, better able to work, 
and more willing to do so, than those of the former ; but 
this diflcrcncc seems to me to ai-iso from the physical, 
moral, and agricultural peculiarities of the two regions, 
and not solely from the fact that, while the inhabitants of 
the one employ iiTigation, those of the other do not. 
'file atmosphere of the irrigated region is unquestionably 
more humid than that of the hilly tracts. The working 
population in the fonner are mere labourers ; in the latter, 
they arc to a large extent small proprietors, and, conse- 
quently, may be suppo.scd to work better, and live better, 
than the others. Yet, on comparing tlie statistics of health 
in the two regions, the dillerencc between them is cxcecd- 
ingly small ; so small, indeed, as to bo easily accounted for 
by the simple fact, that one class breathes the air of the 
hills, the other of the plains, where malarious places 
quite unconnected with irrigation do certainly exist.” To 
illustrate this statement, Signor BeiTa has prepared a 
series ol statistical tables from the oilicial retunis made to 
the government, which I do not give in extenso, as they 
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are bulky, but to the j'oncral results of wliith it may be 
interesting to advert. I may state, that I find these 
statistics, tliough referring to the years 1816-21, quoted 
in the very latest discus-sions on the prcscut subject which 
have come under my notice, and 1 therefore conclude 
that their authority in Italy is considerable. 

The comparison between the salubrity of irrigated and 
non-irrigated districts is made by means of two tables, 
which arc numbered II. and III. in the scries. In No. 
III. are recorded tlic mamages, births, and deaths, 
throughout five irrigated districts of the province of Milan 
during six years ; and in No. II. the same data arc given 
for the same time in ten unirrigated districts. 'I’he causes 
and numbers of dcatlis at dillerent ages are minutely 
specified ; and from tliese, the following general inferences 
may be drawn. 

'J'he mean po]ni]alion of the irrigated disti'icts amounted 
to 6.0,363 souls ; and the total number of deaths in six 
years, to l.'5,670. T)»c population of the unirrigated 
districts Avas 228,002 ; and tlie total dcath.s, 49,335. 
The mean annual deaths in the former amount, therefore, 
to 2612.5; and in the latter, to 8222.5; or, in other terms, 
while the annual mortality in the iirigatcd districts is I in 
26.6, it is only 1 in 27.7 in the uniiTigatctl districts. 
The ditfcrencc, therefore, according to Signor Ben*a’s data, 
amounts to only 0.14 percent. “This o.vcess,” he re- 
marks, “ though very small in itself, is not to be attributed 
to the existence of winter meadows, but to the circum- 
stance that in district XI. of Milan, and XII, of Mclig- 
nano, there is a considerable amount of rice cultivation, 
which, in its effect on the public health, is unquestionably 
prejudicial.” f I may only farther note, that as regards 

* The pcrcentjige of deaths iu the imgtitcd. dlstrictfj is 3.75 ; and in tho un- 
irrigated, 3.01 ; the differeuco being, as above given, 0.1 4. 

t I urn alwa^ra grateful iov facts in cxiuuiuiiig thid quehtiou ; and I may nolo 



25i COMPLICATION OP THE RESULTS. 

lougcvity, the tables show that, of 1000 persons dying in 
the irrigated districts, 222, and in the uniiTigated districts 
263, arc recorded as having passed fifty years of age ; 
while in the fomer there were 83, and in the latter 111, 
of every 1000,* above 65 years of ago at their deaths. 

It is to be observed that, in the iiTigated districts 
whence the foregoing data have been procured, there exist 
tracts of inarah land and rice culture, which complicate 
the results ; but, making due allowance for these, the 
general conclusion arrived at, from the statistical details, 
is, that districts where meadow irrigation, periodic in 
summer, and continued in winter only, is practised, the 
public health is so little alfected by it as to justify the 
government in refraining from all direct interference with 
its progressive development. There is a farther reason 
for this, in the fact that the actual amount of marcUe 
cultivation, though very iin])ortant, is very limited in area 
as compared with the total surface of the co\ratry. The 
entire amount throughout Lombardy probably does not 
exceed from 15 to 20 square miles ; and considering all 
the physical circumstances under which this extent of 
irrigation is practised, its being the only irrigation of 
the season, and that season the winter, I certainly think 
it is wise to leave the cultivators entirely to themselves ; 
and I am therefore glad that the existing legislation, as 
a&ccting these mcado\v.s, is virtually dead. 

In carrying into effect a comprehensive scheme of 
agricultural irrigation, in a region whose physical features 
arc favourable for it, it is perfectly possible so to combine 
the primary object of imgation with general and local 
drainage as to secure an improvement, rather than to 


Uero, that hi the province of Pavia^ where rice is more abundant than in any 
other part of tlic country, tlxo annual mortality of the popuLation exceeds, by 
8 in lOOO, that of the province of Milan. --B eeiiu., p. 39. 
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cause a deterioration, of the climate of the country. The 
government of India is placed at present in this position. 
It is introducing iirigation into vast tracts of country, 
admirably adai^tcd in all topographical and physical 
details to benefit by it ; and as the comprehensive plans in 
progress of execution include, as an essential part, the 
drainage of all such tracts as are at present in a marehy 
state, and therefore injurious to the public health, there 
is every reason to hope that malarious iuHuencc will be 
materially decreased so soon as these various works come 
into operation. I believe the scheme of sanitary improve- 
ment, as linked with irrigation, may be canied still farther. 
'I’liere is not a large town within the reach of the great 
canals now in progress — whether in the region between 
the rivers Ganges and .1 umna, or throughout the populous 
districts of the runjaub, destined to be hcrcattcr the 
Lombardy of India — which might not be thoroughly 
cleansed and drained through the immediate agency of 
their w'atcrs. Looking to the fall of the country, there 
arc very lew of those towns which might not be traversed 
by a running .stream, derived from and again rejoining 
the nearest canal. The waters of this, after having been 
made available for all purposes of cleaning and draining, 
might be again utilised for irrigation, at a suflicient 
distance to prevent any bad cilects ; and thus town and 
country w'ould participate in the advantages of the general 
system. It is in this way that the w’atcrs of some of the 
great canals of Lombjtrdy have been made subservient to 
sanitary purposes in towns ; and I cannot better close the 
present section, than by giving, as an illustration of this 
system, the regulations under which the tow'n drainage of 
Milan is effected by water derived from the canal Marte- 
sana. 

In the historical details connected with the rivers of 
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the Milanese, forraorly given, I have adverted to that knot 
of streams formed at Milan by the junction of the 
Neronc, the Sevese, the Olona, &c. As in London, so in 
Milan, the rivers which once traversed or encompassed 
the old city no longer see the light of day, but, walled in 
within culverts and drains, they form tlic main sewerage 
lines of the modern town. 

The city of Milan, as regards its drainage, may be 
rcgai'dcd as consisting of an inner circle, of which the 
circumference is formed by the canal Sevese, and of two 
exterior concentric zones, the first bounded by the Sevese 
and the Naviglio liiterno, the second by the Naviglio 
Tnterno and the town walls. The inner circle includes 
the most ancient part of the city, and is supposed to 
mark its limits during the classic period ; the Naviglio 
Intcriio, as may be remembered, indicates tlic area of the 
Milan of the middle ages, Avhilc the exterior line of all 
marks the extent of the modern city. The canal or river 
Sevese is the princiiial drainage line, and is entirely 
covered in. The Naviglio lutcrno receives a large amount 
of drainage also ; but being, as is known, an open and 
navigable line, it is less dii’cctly subservient to purposes 
of this kind. The total supply of water in the Sevese, 
obtained by three outlets from the canal Martesana, 
amounts to 45 cubic feet per second. The whole of the 
minor sewers arc so connected with the main line as that 
they can bo scoured into it by the use of this volume of 
water ; and these various small streams are reunited in a 
common channel, which, on passing outside the city, assumes 
the name of the Vettabbia, to which I have had frequent 
occasion to refer. The details under which this system of 
sewerage is managed arc interesting ; and if town drainage 
be linked to the irrigation system of India, as I think it 
may be, they may also be useful. I therefore give a 
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translation of the regulations under which the association 
of the ScTese carries on its usual functions : it is a com- 
paratively recent enactment, bearing date the 29th of 
December 1836.* 

“Title 1, — Oryanimlion of the Society. 

“ 1. The houses and all other property whatsoever 
within the limits of the city, which enjoy the advantage of 
drainage into the canal of the Sevese, whether dii-cctly or 
through branches derived from the same, shall form a 
‘ district.’ 

“ 2. All the holders (whether individuals or corpora- 
tions) of property situated within the perimeter of the 
said district shall form an association. 

“ 3. The parties forming the association shall nominate 
by ballot the delegates for the congregation, on the day 
and at the place which shall be indicated by the I. R. 
Provincial Delegation. If the number in attendance 
docs not exceed one-third of the total number of the 
proprietors forming the association, the delegates shall be 
selected by those actually prc.scnt from a triplicate list 
composed of the largest proprietors. 

“ Jj. The delegates shall be reneux'd every two years, 
to the extent and in the manner provided for by the 
decree of the 20th May 1806. The provincial delega- 
tion shall nominate the new delegates from a list sub- 
mitted by the congregation of the society, being careful to 
observe the lade of seniority as regards the retiring 
delegates. Retiring delegates may be re-elected inde- 
finitely. In case of the death or retirement of one or 
more delegates, their places shall be supplied by ballot, as 
above provided for. 

* lily trauiilatiori is made from the copy of the rtigulatioii given in vol. ii. of 
the ManmiU dclk Legyi licyolamcntc e Vucipliiu', &c. of Antomo Cantali'pi, 

p. 111. 
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“6. The congregation shall be composed of twelve 
delegates and a president, who shall hold his office for 
one year. All the delegates first elected shall succeed to 
the presidency in rotation, regulating tlie succession by 
the number of votes each received at the election. The 
rule of simple seniority to be observed in all subsequent 
cases. 

“ 7. The congi’cgation shall meet at the house of the 
president once in two months. The provincial delega- 
tion, or the president of the congregation, have the power 
of summoning extraordinary inccting.s. The president 
shall execute the decisions of the congregation, unless 
incmbcrs be .specially nominated for thi.s purpose. 

“ 8. Tlic ordinary duties of the congregation shall be 
to superintend the drainage canals and their respective 
escapes as maintained by the association, to cause all 
necessary repairs to be executed, and to issue demands 
for the expenses incun’cd. The president shall commu- 
nicate to the engineer the orders of the congregation, in 
case of filtration, breaches of drains, or other accidents. 

“ 9. The congregation shall decide in all cases by plu- 
rality of votes. 

“ 10. The proceedings shall not be legal unless four 
delegates, exclusive of the president, are present. 

“11. For the consideration of now projects, the asso- 
ciation shall nominate twelve extraordinary delegates, in 
the manner indicated by Art. 4. 

“ 12. The union of the old and new delegates shall 
form an extraordinary congregation, Avhich shall decide on 
the new works and the means of executing them. 

“ 13. Provides for the submission of the decision of 
the extraordinary congregation for the approval of the 
government, on the receipt of which the execution of the 
works shall be intrusted to the ordinary congregation. 
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Title II. — Officers of the Associalion, and their Dutiee. 

“ 14. The congi'egation shall be assisted by the follow- 
ing ofi&cers, at the annexed rate of pay : — 


1. Au executive engineer, 

Atiiit. lira. 

at 300,* 

about .^12 

2. Au accountant, 

... J i)0. 

« 

3. A clerk, 

... 200, 

9 

4. An executive a.ssistMnt, 

... '>30, 

21 

A ChancM.illor, 

... 200, 

9 


6. A Treasurer, who shall receive, 1st., An allowance of !> 


per ci!ut oil all snm.s not paid within the period lixed 
hj’ the congregation for settlement of the annual tax ; 
2d, An allowance of o.| p<-i‘ cent on tlie entire income 
of the congr(,g!ition, whether ordinary or extraordinary. 

“ 15. Tlie executive engineer sliall bo bound to su])er- 
intend, with the aid of the a.ssista.nt, all the measures 
necessary for the regulation of the drainage ; to prepare the 
contracts for clearance and repairs, and to verify the exe- 
cution of the same ; to make all inspections which may be 
ordered by the congregation ; and, in a word, to give to 
this body the full benefit of his advice under all such cir- 
cumstances. These shall be considered his ordinary 
duties. The extraordinary duties shall be to prepare, at 
the close of every period of nine years, the plans of all 
the inlets for each house separately, and the proportionate 
rate to be paid by each proprietor ; to execute the pro- 
jects of new works for the association, and to superintend 
the construction of the same. For all such duties the 
engineer shall receive extra pay, according to the scale in 
force at the time for the remuneration of the engineers of 
communes. 

“ 16. The accountant shall keep the accounts of the 

* I presume these are moiitbly rates; but tlie original docuiiicut enters into 
no details on this point. 
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anuual expenditure of the association, shall issue the 
orders for payment, and shall submit to the congi’egation 
an annual account-current of receipts and disbursements. 

“ 1 7. The clerk shall keep all the records, and shall 
direct all details of internal management. 

“ 18. The assistant sliall exercise the immediate execu- 
tive duties connected with the works, effecting the clear- 
ances, and regulating the supply, by careful attention to 
the escapes, especially in times of flood, l ie shall also 
watch over the exact observance of the orders of the con- 
gregation, and shall report to the engineer all breaches 
thereof. 

“ 1!). The chancellor shall assist at all meetings of the 
congregation, shall record its proceedings, and shall regis- 
ter the same in a convenient form. He shall also act as 
secretary and legal couu.scl, keeping all the legal papers 
belonging to the association. 

“ 20. As regards the treasurer — 

“ (<i.) lie shall keep by him the ilistribution list of 
assessment decided on by the congregation, and shall levy 
the sums specified therein from the parties by wOiom they 
arc due, on warrants signed by the j)rcsidcnt, one dele- 
gate, and the accountant. The assessment shall be levied 
under the rules in force for recovering the direct taxes. 

“ (//.) I’rcscribcs certain technical rules for recovery of 
the assessment, of no general interest. 

“ (c.) The treasurer shall furnish sufficient security, 
shall be nominated by the congregation, and shall act 
under its responsibility. 

“ (</.) He shall be debited with the entire amount of 
each rate, five days after it has become due, whether he 
has received it or not. 

“ (e.) In case of opposition to payment of the assess- 
ment by one or more proprietors, the treasurer has no 
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power to postpone Jiis demand unless he receive a special 
order to that elFect from the congregation or the provin- 
cial delegation. 

“ (/.) In case of objections to tlic proceedings of tlic 
congregation being found unjustifiable bj the snjierior 
authorities, the trcasui’or shall levy the amount of all 
expenses incurred for visits of tlie engineer, kc., as con- 
templated in Art. 3(3, in addition to the ordinary asscss- 
rneut due by the objecting partic's. 

“ (a.) licquircs the treasurer to keep his accounts after 
a sjKicilicd fashion. 

“ (//.) Gives the congregation full power over the 
amount of cash in the treasury. 

“ 31, Authoruscs the congregation to nominate a mes- 
senger. 


“TiTLK III. — tr>H oj l]ii‘ Itisl iij (Jdilt 1‘ihlilot‘fl, 
and lUfjvlatioiifi i.onvcdcd. Ih.cir.vdli.. 

“ 23. The assessment for the expenses of drainage shall 
be made at intervals of nine years. At the close of each 
period the engineer of tlie congregation shall inspect each 
house having its drains connected with the Sevese. In 
the record of this visit he shall note the quantity and 
nature of the drains from each bidlding, the e.\.tent of the 
frontage, with .such other points as may be useful, pro- 
curing the countersignature of the proprietors or their 
legal representatives to indicate their concurrence. 'J’he.se 
latter parties shall be informed that, if they do not attend, 
the inspection report of the engineer will bo acted on 
without farther reference to them, 

“ 23. Di.ssatisfied proprietors may demand a new in- 
spection on paying for the same. 

“ 24. If a proprietor wishes to remove any j)art of the 
drainage lines referred to in the engineer's report, he shall 

VOL. II. Q 
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submit a petition to that effect to the congi'egation, who 
will decide thereupon. 

“ 25. Everv proprietor who desires to avail himself 
directly or indirectly of the drainage channels of the 
Sevese, shall submit a petition to the congregation, who 
will depute their engineer to visit the spot. 

“ 26. When any proprietor calls for a visit from the 
engineer of the congregation, except in cases of filtration 
or breach of the drains, he shall pay 12 Austrian lire 
(about 9s.) to the treasury. 

“ 27. llequircs notification of all changes of proprietor- 
ship to be made. 

“ 28. Any person opening a new drain after the publi- 
cation of this regulation, without due authority, shall 
incur a penalty equal to twice the amount of the assess- 
ment for nine years, in addition to payment of the ordi- 
nary charge for the drain. The penally shall be levied 
within fourteen days after it has been imposed, unless the 
order of the congregation has been cancelled by the pro- 
vincial delegation within the above-mentioned time. 

“ Drains not constructed according to the orders of the 
congregation shall be subject to a penalty equal in amount 
to one assessment for nine years. 

“ Title IV. — WW/cs emmeded with the Dminage 
Chi'ivnels. 

“ 29. With the view of insui-ing the maintenance of the 
levels of the canals, profiles in stone shall be established 
at intervals of 340 yards, or less if necessary, on which 
shall be marked the true depths of the channels. 

“ 30. The clearance of the canals shall be effected 
twice a-year, at the periods when the canal Martesana is 
laid dry. 

31. The repairs of the canal shall be executed from 
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time to time as required, the supply of water being pre- 
viously stopped. 

“32. The clearances shall be effected exclusively by 
contract. The repairs shall also be executed by contracts, 
at a specified rate for each special kind of work done. 

“ Title V. — JDiatrihutimi of the Expetise, anti ScaU of 
Pa-yrnents. 

“ 33. The estimate for the maintenance of the canals 
shall be founded on the experience of the preceding nine 
years, with such additions as the engineer of the congre- 
gation may consider necessary. 

“ 34. The assessment shall be regulated according to the 
provisions of Title IV. of the regulation of 20th May 1806. 

“ 35. The distribution of the amount of the assessment 
involves three separate elements : 1st, The amount of 
the estimate for the expenses of the nine years’ period ; 
2d, The divisor of this sum found in the manner ex- 
plained below ; and, 3d, The unit of assessment which 
results from the division of the first element by the second. 

“ Tlic divisor of the estimate, which serves to determine 
the unit of assessment, is obtained by considering each 
house to have a certain length in metres, according to its 
extent of frontage towards the canals, with the quantity 
and nature of the drains discharging into these. 

" In this survey the houses are assessed in two separate 
classes : 1st, With reference to the drains, directly or in- 
directly, connecting them with the Sevese ; and, 2d, With 
reference to their frontage. 

“ let. Assessment in Measure hy Drains. 

Leiigtii at wliicli each 
shall be assessed. 

(a.) Principal slaughter-house, . . 20 m. = 66 feet 

(6.) Secondary slaughter-house, . 15 . . = 49 ... 
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Length at which each 
elittil bo assessed. 

(c.) Dye-houses, cesspools, dairies, chan- 
nels carrying the refuse of stables, 
and goiieraliy all promises not iii- 


eluded in ci and 6, . 

10 m. 

= 33 feet 

(d) The drainage of a stable for from one 
to four horses, 

5 ... 

^ It) ... 

Do. do. from 1 to 8 do., 

10 ... 

==: 33 ... 

Do. do. from 8 to 1 2 ilo., 

15 ... 

49 ... 

And so on ill the same proportion. 

(6.) The drainage of a family wash-house, 

5 ... 

= 16 ... 

A drain from a. house occupic;d by 
several tenants shall be assessed at 
this rate for each tenant using it. 
(/.) The drainage of rain-water in coui'ts, 

3 ... 

10 ... 

(fjf,) The same outsit] e. 

2 ... 

= 6^ ... 


' tiL Aii<f<f:ssTatia( hy Front(i(j(iy (tccorJiny to ancUint custow.. 

(h.) Frontage towards th<^ main canal shall be assessed 
acciording to its actual extent, if the drain flows out- 
side the house ; but if underneath it, tlie assessments 
shall bo oil (lord do tbo actual length of frontage. 

(i.) Frontage on the small canals Voti*a do' Cittadini and 
San Martino shall be assessed at two-thirds of its 
ac.lual extemt when the canal flows past the houses, 
but at twice this j>ropoii,iou if they are und(u* them. 

(1.) The banks <lraining into tlio canal called il Traverse di 
Porta Tosa, shall bo assessed at onc-liftli of two-thirds 
(oi: 2-l5ths) of tlieir actual extent. 

(rn.) The poilioiis of the canals which cross the main and 
minor streets shall Im? nsst>sso(l on two-fifths of their 
length wdieii couiiected with the main line, and on 
2-15ths thereof when discharged into the smaller 
branches. 

(ri.) The frontage of the civic buildings, and those on the 
Piazza del Gastello, shall be assessed according to their 
actual length. 
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(o.) The bridge delle Pioppett-e shall be assessed according 
to its length. 

(p.) The churches and parochial houses, inhabited by private 
parties, shall also be iucluded in tlio distribution list, 
and asseased according to their actual frontage. 

“ Tito survey aiul measurement of all the houses com- 
prised within the district having been made as above pre- 
scribed, the sum total of the frontages, and the lengths 
fixed for special drains, constitutes the divisor or second 
element for the distribution of the assessment. 

“ By dividing the total amount of the estimate for the 
expenses by the entire length subject to assessment, the 
quotient gives the unit, which, applied to each house as 
entered in the survey, admits of the distribution list being 
finally formed. 

“36. On the tax being sanctioned by the superior 
authority, the distribution list shall be published for 
general information. The payment shall be made in three 
equal rates, and shall become due at the commencement 
of each triennial period, according to specific regulations 
to bo determined by the congi’egation. 

“ 37. The distribution list shall be kept by the trea- 
surer, and shall be at all times open to inspection by the 
membere of the association. An advertisement to this 
effect shall be published in the Gazette of Milan, and in 
this the date of payment of the first rate shall bo inti- 
mated. Similar advertisements shall fix the dates on 
which the second and third rates become due. The con- 
gi’ogation shall farther communicate to each member of 
the association the amount of his quota by an appropriate 
circular, but the non-receipt of such circular cannot be 
held to excuse delay of payment after the date fixed in 
the public advertisement. 

“ 38. At the close of each period of nine years, the 
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congregation shall submit detailed accounts current to the 
provincial delegation, which shall have power to call for 
similar accounts at any intermediate time, should such a 
step seem expedient. 


“ Title VI. — General Arrangements. 

“ 39. When the congregation considers it necessary to 
break up the arches or other parts of drains under houses, 
the proprietors shall be bound to give all practicable aid 
without claim for compensation. The congregation, how- 
ever, shall be bound to restore the works to their original 
state, with as little delay and inconvenience to the house 
proprietors as possible. The latter ought, farther, to be 
very careful in keeping the drainage free from all impe- 
diincnts. 

“ 40. Except in cases of unforeseen accidents, the con- 
gi*egation shall always notify to the municipal authorities 
their intention to open any of the drains under the public 
streets or roads. 

“41. To prevent accidents, the parts of the streets 
under repair shall be inclosed within barricades, and 
lighted by lamps during the night. 

“ 42. Repairs shall be executed with all possible des- 
patch. 

“ 43. The restoration of the roads and streets shall be 
effected at the expense of the congregation of the Sevese, 
and the I'cpairs shall be inspected and approved of by the 
engineer of the municipality. 

44. Complaints against the proceedings of the con- 
gregation of the bevese shall be heard and decided on by 
the provincial delegation, to which the congregation is 
subordinate, according to the terms of the decree of the 
20th May 1806, which is the basis adopted by the 
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supremo authority in reorganising the congregation of 
the Sovese. 

“ Milan, the 29^/4 December 1.83G.” 

I can find no other materials connected with the sani- 
tary administration of the canals in Lombardy Avhich seem 
to me worth recording. It would lead me into a very 
large field were I to enter upon tlie legislation of general 
drainage, land-improvciiient, and protection of river em- 
bankments, wliich, in a country so profusely supplied with 
w'ater, has branclied out into very minute detail. But I 
must for tlie present, at any rate, postpone all discussion 
on these points, and be content in liaving given sucli in- 
formation as I could collect on the single subject of irri- 
gation, hoping that, tlioiigli no doubt imperfect, it may not 
bo altogether useless or uninteresting. 



CHAPTER II. 


LEGISLATION OF IRRIGATION IN PIEDMONT* 


SECTION I. 


OX THE KKillT OE rJtOPKIlTV IS W.VTKH. 

As ill Lombardy, so in Piedmont, the right of property 
iu all miming water is reserved to tlic State. This 
reservation applies not mcrclj to the larger class of rivers, 
but also to streams and toiToiits, the water of which can 
only be used under specific grants from the appointed 
agents of the government. A royal patent, under date 
the 29tli of May 1817, w'hich has still the force of law, 
regulates, in great detail, the manner and terms according 
to which such gi-aiits arc to be made. The two first 

articles of this patent arc to the following effect : 

1. All the rivers and torrents of the State arc royalties, 
(reijall,) and by consequence they appertain to the royal 
domain. 


* For the subscqueutdelaUsef the legislation of irrigatiou in Piedmont I 
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II. No one can establish canals or channels for the 
introduction of water into his propertj^ either for the use 
of mills or other buildings, unless he possesses a legiti- 
mate title to the same, or has obtained a royal grant.” 

Doubts having arisen as to the proper interpretation 
of several parts of tlio patent of 1817, a new regulation 
was published on the 14 th February 1828, embodying 
the conditions on which the government right of property 
was in future to be exercised ; and as this continues in 
operation at the present time, I give it here, in illustra- 
tion of the system of dis 2 iosing of the water in Piedmont. 

“ Instructions to the Intkndants of Provinces 
and the Agents of the Royal Domain, in con- 
nection with (J RANTS of Water from Rivers 
and Torrents. 

“ All the rivers and torrents of the State are regali, 
and belong in eonsecpiencc to the royal domain. 

“ Hence, therefore, the sovereign permission is necessary 
before the waters can be used in any wjiy whatever, 
cither in agriculture or industry. 

“ Sundry statutes and iiatents formerly jniblished have 
hitherto regulated the provisions for grants ; but as it is 
desirable to establish one uniform rule of procedure in 
such cases, the Secretary of Finance, whose duty it is to 
obtain the royal sanction to projposed grants of water', has 
decided that in future the following orders shall be 
observed : — 

“ I. Parties desirous of obtaining gi'ants of water 
from the regal rivers and ton'ents, whether for imgation 
or the movement of machinery of any kind, ought to 
present to the intendant of the province where the head 
of the proposed derivation is situated, petitions addressed 
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to H. M., and authenticated bj the signatures of the 
petitioners, or by those of a notary and advocate. 

“ II. To each pctitioji the under-mentioned documents 
should be attached ; — 

“ (Is?.) A regular plan of the locality, on which shall 
be noted the works which it is proposed to construct in 
the bed of the river or ton’ent,* and the adjacent ground 
so far as it may be connected with these works. 

“ {id.) Longitudinal and transvervo sections of the 
river whence the supply of water is to be obtained, mark- 
ing thereupon the depths in times of Hood, and under 
ordinary circumstances ; also the heights of the works to 
be establislicd in the bod of the stream, and of the head 
of the watcr-coui'sc. 

“ (3d.) A detailed report proving the utility of tho 
proposed works, and that they cannot cause any injury 
either to other parties, or to the river, or torrent itsell; 

“ These documents ought to be prepared by a hydraulic 
engineer. 

“ But in the event of no hydraulic engineer being near 
the spot, or of the works being of limited importance, it 
is permitted, but Avilh special reserve, to employ a civil 
architect, or land-surveyor, in the pi’cparation of tho 
papers above referred to. 

“ The intendants of provinces will render all practicable 
assistance to parties interested, so as to enable them to 
comply with tho orders of the superior authorities. 

“ III. The petition and the documents above specified 
should all be jirepiued on stamped paper (in carta 
hollaia.) 

“IV. The intendant, on receiving the claim and its 
annexurcs, shall satisfy himself of their regularity, and 

Perhaps it may be as well to say, that in Northern Italy, streams having 
perennial volnnics of water aro distinguished as JL^inniif while those having 
intermittent supplies arc termed TotTcnti. 
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shall depute the official engineer of the province to visit 
the spot at a specified time, to investigate the practicabi- 
lity of the project, and the propriety, or otherwise, of 
carrying it into effect ; as also to decide on whatever 
precautions or modifications regard to public or private 
interests may require. 

“ V, The visit ought to be preceded by a public notifi- 
cation of the claim within the limits of the district 
specially interested in it. 

“ If the claim and the worlcs proposed arc in any way 
connected with the interests of more than one district, the 
notification should be made contemporaneously throughout 
the whole. 

“ VT. The order of the intondant for the notifications 
should contain a brief summary of the nature and extent 
of the proposed works, and an invitation to all parties 
interested in them to be present at the time appointed 
for the visit, wdicn they can explain their views either 
verbally or in writing. 

“VII. The report of the official engineer ought in all 
cases to furnish full and clear details on the following 
points : — 

“ (l5^.) On the quantity of water to be taken from the 
river, and the special use to which it is to be applied. 

“ (2fi?.) On the form and dimensions of the head {im- 
boccatnra) to be constructed ; being careful to note that 
the provisions expressed in Art. 16 of the regulation of 
the 29th May 1817 arc rigorously to be enforced.* 

* I may give these hei-e 

" Art. 16. All proprietors, tenants, or employers of water-coui-sos, are bound 
to maintain the head works in an effective and eatisfactoi-y condition. They 
are personally responsible for whatever damages may befall neighbouring pro- 
perties;, unless they can prove that these arose from causes over which they had 
no control. 

" The aforesaid proprietors or employers are fiirthcr bound so to regulate the 
supplies of water, as that in time of flood they shall not exceed the capacities 
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“ (3d) On the directions, heights, lengths, form, and 
mode of constiTiction of the dams required to raise the 
water. 

“ (4di.) On tlie precautions to be observed by the 
grantee when the supply is obtained by means of tempo- 
rary dams, (chiuse instahili) in replacing the same after 
floods. Grantees being generally inexpert and careless 
ill hydraulic operations, a matter so important as the 
preceding should not be left dependent on their wills, but 
definitive measures should be prescribed, whereby the in- 
juries likely to be caused to the beds of rivers or torrents, 
by badly-constructed dams, may be guarded against. 

“ (5//<.) On the capacity and slope of the canal for the 
passage of the water. 

“ (6//i.) On the means and precautions to be adopted 
to insure the regular c.xecution of the works — to restore 
(when such is possible) the water to the stream at a 
lower point, and to protect all parties from damage by 
overflow of the canal or otherwise. 

“ (7t//.) And finally, the olficial engineer ought to de- 
tail any local peculiarities which may have inducuced his 
opinion. 

“ With such information before it, the Permanent Con- 
gress of bridges and roads (to which the project will be 
referred) can better decide on the propriety of sanctioning 
its final execution. 

" The various documents above referred to shall be 
attached to the royal patent authorising the gi’ant, in 
order that both the administrative and judicial authorities 
may always have the means of ascertaining precisely the 


of tlioir rc«i)t;ctivc canulii. Atleqiiato escapes for the excess of water under 
such cii’cuiiistanccs slmll be (‘onstnicted, under penalties for each oiicnee vary- 
ing from 10 to 100 lire, (from about 8s. to £4,) in addition to the cost of 
repairing the injuries caused. 
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terms of the said grant, and of restricting the gi’antee 
within the limits of the same. 

VIII, On the receipt of all the papers connected 
with the case, the intendant shall forward tiie same to the 
agency-general of finance, with his own opinion upon them. 

“IX. So soon as the agcncy-gcncral receives notice 
from the secretary of finance that the royal patent for the 
grant has been signed, it will communicate without delay 
with the intendant, who will transmit the informaliou to 
tho official engineer, to the syndic of the district, and to 
the petitioner, requiring the latter to procure the aforesaid 
patent from the secretariat of finance, and to pass it 
through the offices of the agency and the chamber of 
accounts, within the space of four montlis, under pain of 
forfeiture. 

“X. The receiver-general shall bo sujiplicd with the 
necessary instructions to enter the patent in his list, and 
to aiTangc for tho recovery of the annual water-rent.” 

The Civil Code of Charles Albert, published in 1837, 
confirms the provisions of tlic preceding enactments on 
the right of property in winter. The articles connected 
therewith are the following, — those portions of them 
which do not concern the present subject being omitted ; — 

“ Art. 420. The rivers and torrents, 

and generally all those portions of the 

territory of the State which cannot become private property, 
are considered as dependencies of the royal domain. 

“Art. 431. The provisions of articles 425, 420, and 
430,* do not apply to property adjudged to the royal 


• These ai*ticlcs guard tlie rights of the crown from any infringement, and 
prescrihe certain formalities to be observed by all jiavtics obtaining grants 
whicli in any way affect these. They are not connected with my subject, 
except reiuottily, and it does not appear necessary to translate them. 
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agency, or received by it, in payment either of taxes or 

any other dues Nor, finally, to grants 

of water belonging to the royal domain, nor to any 
exchanges of these waters which may be made. 

“ The alienation or grant of such property as is specified 
in this article is subject to special rules. This alienation 
or grant ought always to be approved of by the chamber 
of accounts, the procurator-general having first been 
heard. Without this sanction, the alienation or grant 
becomes null and void, and the chamber is charged to 
guard against any prejudice either to the crown or to any 
third party.” 

The “ special rule.s ” adverted to in the latter part of 
the preceding article, in so far as grants of water are 
concerned, have already been given, and I have found 
none of any later date than 1828. 

The extent to which private individuals can acquire a 
right of property in water is defined in the following 
articles of the civil code, Title IV. Chapter I : — 

“ Art. 555. He who has a spring on his lands can use 
the same at his will, saving the right which the proprietor 
of the lower laud may have acquired by title or pre- 
scription. 

“Art, .^56. The prescription in this case can be acquired 
only by an uninterrupted enjoyment during the space of 
thirty years, calculating from the moment when the pro- 
prietor of the lower laud made and finished on the uj)per 
land visible works, designed, and which have actually 
served, to facilitate the descent to, and the passage of the 
water through, his own property. 

“ Art. 557. The proprietor of the spring cannot change 
its course when the water necessary to the inhabitants of 
a commune, village, or hamlet, is obtained from it ; but if 
the inhabitants have neither acquired nor prescriptive 
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rights to the ■water, the proprietor may demand an 
indemnity, which is regulated by the tribunals, on the 
report of professional men, {a giudizio di periti.) 

“ Art. 558. Any one whose land borders on a stream 
flowing naturally, and w^ithout the aid of Avorks exe- 
cuted by man, and which has not been included 
among the rivers, streams, and torrents, declared in 
Art. 420 to be the property of the royal domain, may 
make use of it during its passage for the irrigation of 
his property. 

“ Any one whose property is intersected by the same 
stream may make use of it within the limits of his own 
land, with the obligation, however, of restoring the water 
to its natural channel on its passing beyond the boundary 
line of his estate. 

“ Art. 550. In the event of any di.spute arising between 
the proprietors to whom such waters could be useful, the 
tribunals, in deciding, ought to conciliate the interests of 
agriculture, with, at the same time, a duo I'egard to the 
right of property. And in all cases the local and special 
rules -which regulate the course and use of the waters 
ought to be observed. 

“ Art. 560. Every proprietor or possessor of water 
may make such use of the same for himself as may seem 
to him good, or he may dispose of it in favour of other 
parties, provided always that no title or prescription 
exists to the contrary ; but after having used the water 
himself, he is not at liberty so to dispose of it as to 
cause it to be lost, to the injiu-y of lauds at lower levels, 
which might have benefited by it, without causing any 
backwater, or injuries of other kind to the superior 
employers. Whoever may desire to avail himself of the 
water referred to is bound to pay a fair price for it, 
whether the supply bo derived from a spring existing in 
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the superior estate, or from a stream introduced by special 
grant.” 

From these extracts, it is to be observed that the same 
general principle regulates the Piedmontese and Lombard 
legislation, in so far as private rights to water are con- 
cerned. The springs which rise, either by hydrostatic 
pressure to the surface of the ground, or arc found 
beneath it by artificial works, belong to the individual 
proprietors of the soil. These sources of supply bear 
the same relation to the natural water-courses of the 
country as the irrigating m'cIIs of India do to the streams 
and canals there. While every propiictor can dig his 
well where aud how he chooses, he is prohibited from 
using the stream M-hich flows past or intersects his land, 
without the special permission of the government. I 
ought, however, to say, that both in Northern Italy and 
Northern India this is rather the theory than the actual 
practice in the case, for there arc instances in both 
regions where, pcrluips in remote phices, in mountain 
valleys, or like localities, the running streams have been 
used for ages by the inhabitants without let or hindrance, 
or at^kuowlcilgmcut of superiority of any kind. The 
framers of the Albertine code, wisely respcctijig rights 
founded on immemorial usage, include all such cases 
under Arts. .558 and .559, which seem to be most judi- 
ciously adapted to the peculiar circumstances under which 
these exceptions to a general rule have arisen. The 
local customs which have grown with the growth of the 
system of irrigation, and have consequently the support 
of experience and familiarity, are prescribed to the tri- 
bunals as their chief guides in the case of disputes ; the 
interest ol agriculture and the right of property are to 
receive each its due consideration ; and the benefits of the 
stream are to be distributed as fairly as possible among 
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its common cmjjloyers. Should tlie government of India 
ever be led to legislate on irrigation in detail, I have no 
doubt that the same regard •will be shown to rights which 
have grown up during centuries of use, and in dependence 
on the stability of whicli, various hydraulic and agricul- 
tural works have been executed by the proprietors of the 
lands adjoining the streams. I am indeed bound to say 
that, in some instances of this class which came under mv 
own observation, wherein rights founded on usage of no 
great antiquity were interfered with, the amount of com- 
pensation granted was most liberal, and I am certain the 
same spirit will characterise Jill fiitiire dealings w'ith the 
interests of irrigation. 

Art. .560 involves a principle so important, that I may 
advert specially to it for a moment. There arc strange 
tales told of water-feuds in Piedmont — of proprietors of 
springs, or grantees of canals, who, to injure neighbours 
with whom they had standing quarrels, have wasted utterly 
the water by which the properties of the latter might have 
been benclited. A curious anecdote in illustration of this 
point is related in M. de Buffon’s work, (vol. iii. j). -30],) 
which I may give hei’c. The relator is the Count do 
Ccavour, the present minister of finance in the cabinet of 
Sardinia. “ I have had under my own observation,” M. 
de Cavoiir remarks, “ an example of the abuses which 
Art. 660 of the new code is designed to prevent. In 

1832, the Marquis of St G farmer of the canals of 

the Vercellose, having quarrelled with his neighbour, the 

Marquis Pal , persisted, during eight comsecutive years, 

in throwing into the river Po two ruole (about 24 cubic 

feet per second) of water, for which the Marquis Pal 

offered to pay him 12,000 francs (about £.500) a-year. 
To satisfy a personal antipathy, M. do St G con- 

sented to sacrifice nearly 100,000 francs, (about £4000,) 
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causing, at the same time, a loss to the agriculture of his 
country of triple this amount at the least. The new code 
puts an end to a state of affairs so deplorable. It 
required, however, a decision of the senate of Turin, based 
on Art. SCO of the code, to compel the Marquis of St 
G to have his revenue increased by £500 a-year ! 

“ This same Marquis of St G , wishing to force the 

commune of T — to submit to an arrangement which it 
regarded as oppressive, refused to allow the surplus watei'S 
of his vast domains to How into the lands of this district, 
although ho was offered GOOO francs (about J250) a-ycar 
for them. He preferred throwing them, for two years, 
into the Po, to his own loss, and to the injury of his 
neighbours. 

“ Marquises of St G arc scarce, it is true ; but as 

they are not impossible, the law does well to deprive them 
of the means of injuring people less rich or less powerful 
than themselves.” 

I think feu' will dissent from M. de Cavour’s conclu- 
sion ; for if it is ever necessary that a man should not have 
full power to do what he likes with his own, or that the 
duties of property should be enforced equally with its 
rights, surely it is when the very sources of agricultural 
progress are concerned. I think, therefore, that the pi'in- 
ciple of requiring every proprietor of water, however 
procured, to jdace it at the disposal of his neighbours on 
equitable terms, after his own wants have been fully 
supplied, is one of great importance in the legislation of 
irrigation, and well worthy of adoption by us in those 
regions in the East where great canals are in progress. I 
may only farther remark, that the anecdote just related 
gives point to the objections I expressed in my personal 
naiTative to the system of farming the royal canals of 
Piedmont to private individuals, who, with personal anti- 
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pathies to gratify, or personal interests to enforce, will 
inevitably find the means of doing both in the great 
powers with wliich tlioy are invested. 

Eastwai’d of the Sosia, the right of property in the 
rivers and torrents, appertaining to the State, is exercised 
solely for general supervision and control. The whole of 
tlie waters of the streams flowing between the Sesia and 
the Ticino have been alienated from the State under 
ancient grants of ancient kings or dukes, and are possessed 
either by associations or individuals. The revenues are 
appropriated by these parties to their general or particu- 
lar benefit ; and the State claims only to have all internal 
regidations submitted to its inspection, and enforced only 
after having received its approval. On all the royal 
canals in the Vercollese and other provinces, the right of 
property is fully exorcised, and the revenues become part 
of the income of the kingdom. 

The holders of ancient grants in perpetuity have occa- 
sionally asserted an ab.solute right of property in the 
water thus granted to them ; but tlio legal tribunals have 
invariably rejected sucli claims, on the ground that the 
grants were made for the general good of the country, as 
much as the special advantage of the grantees. The large 
canals Mora, Busca, and Biraga, derived from the Sesia, 
have been held by gi’antces since the close of the fifteenth 
century. On these w'orks a very largo portion of the 
irrigated land of the province of Novara i.s dependent, 
and the outlets arc held under annual leases continually 
renewed. Farther to the southward, in the district of 
the Lumcllina, water is less abundant, and therefore bears 
a considerably higher value. This latter fact led the 
grantees of the canal Mora to attempt, about the close of 
the last century, to discontinue the supplies which had 
been furnished for centuries to a number of proprietors 
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near the head of the canal, with the vic^y of carrying the 
water thus obtained to the southward, and there renting 
it at liighei- rates. To this project very decided opposi- 
tion was naturally enough offered by the parties whom it 
was thus proposed to ruin. It was held by them that the 
annual agreements were intended simply to regulate the 
manner of obtaining the supply and the amount of rent 
to be paid, but that the grantees of the canal had no 
right to deprive them of the water they had so long 
enjoyed ; that the very terms of the original gi-ant itself 
wore opposed to such a course, since they specifically 
state that “ the good of the country” was as much the 
motive of the grant as the advantage of its holders ; that 
in this faith they and their ancestors had, at great cost, 
constructed aqueducts and many other works in brick and 
stone, which would become utterly useless ; that they had 
broken up, cleared, and levelled the ground in such way, 
that it could not readily be adapted to dry cultivation ; 
that they had invested a large amount of capital in these 
various operations, which would be thrown away ; that the 
province, now rich and fertile, must become wretched 
without water; that, linally, their lauds had all been 
taxed at the high rate fixed for irrigated estates, and that 
to sustain the claim of the gi’antecs would entail an 
enormous loss to the royal treasury itself. The case was 
carried before the senate of Turin, which, by a decree 
under date the 13th April 1787, decided that the pro- 
prictoi’s of the canal should continue to give to the 
employers of the water those volumes which they and 
their forefathers had so long enjoyed, pending the farther 
investigation of the case ; and the employers were called 
upon to submit evidence in support of the reasons on 
which their opposition was founded. The suit was, how- 
ever, puraued no farther ; the grantees of the canal aban- 
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doned their design, and the employers continue to enjoy 
their ordinary supplies of water at the present day. The 
question was renewed by the grantees of the canal Biraga, 
hetweeu 1826 and 1830; and M. Giovauetti, from whose 
work I have derived the above details, states it was to 
himself that the employers of the canal were indebted for 
a series of definitive decrees by the senate of Turin, under 
dates the 22d December 1826, the 30th November 1827, 
and tlic Gth of Mai’ch 1830, by which their claim to 
water, so long as they paid the established price for it, 
was finally confirmed, and all fears of their being deprived 
of the benefits of irrigation, by individual caprice or self- 
interest, were sot at rest. In 1838, the grantees of the 
canal Mora returned to the charge, but were defeated by 
a decree of the senate of Casale, dated the 1 Gth December 
of that year. The temporary cifect of these decisions was 
to create an impression that no employer holding a term- 
lease of an outlet of irrigation could be deprived of it, so 
long as he paid the price for the water. Subsequent 
decrees of the courts, however, showed, that unless such 
outlets had been held for long periods* — had been estab- 
lished and maintained during these periods at considerable 
expense — had been accompanied by other agricultural 
works — and that no special agreement to the contrary 
existed between the proprietor of the canal and the lessee 
of the water- — temporary leases were revocable at the will 
of the former. M. Giovanetti mentions, that he proposed 
to the commission on the civil code, to define and estab- 
lish the principle involved in the decisions of the courts 
above referred to, (technically termed il dmtto dhms- 
tenza — U droit d'insidance,) and that it Avas accordingly 


♦ The senate of Tuvin proi>osc(l a period (»f twelve years’ unintcrniptcd 
enjoyment of w'ater, under a temporary lease, as sufficient to give the lessee a 
right to the continuance of his supply, so long as he paid the fixed water-rent. 
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introduced into tbc first draft of the code. The senates 
of Nice, Sai'oy, and Turin, approved of the principle, 
only altering the terms of expression ; hut the Chamber 
of Accounts and the Senate of Genoa demanded its sup- 
pression as incompatible with the right of property. The 
commission on the code adopted the latter view.; and the 
two articles defining the right were accordingly struck out. 
“ This suppression, however,” says M. Giovanetti, “ can 
have no prejudicial influence on existing derivations of 
water, since for them the law has already been fixed ; and 
for new ones, each lessee will take his own measui’es to 
secure the permanence of his lease for such term as suits 
his wants.” Practically, that system which I have before 
described as obtaining in Lombardy holds good in Pied- 
mont ; and a landed proprietor may obtain a lease of a 
given quantity of water, cither in jicrpctiiity, or for a 
specified term, on paying the curreut price for the same. 

I have not entered into the preceding details without 
an object. There are questions pending at this moment 
in India, between canals drawing their supplies &pin the 
same river, on which the principles recognised in the 
legislation of I’iedmont have a direct bearing. The 
grounds upon which the decrees of the senates of Turin 
and Casalc, in the cases of the employers of the canals 
Mora and Piraga, were founded, apply, mutatis mut(mdi% 
Avith equal force to the like cases of the canals of#ie 
.Jumna in India. In coming, therefore, to a final«decision 
regarding the proportion of the volume of the river to be 
allotted to each of the two canals fed by it, the relation 
in time between the leases of the employers of the water 
on each bank of the river is a point of the Ixighest impor- 
tance. If it should unhappily be necessary to reduce the 
supplies now gi’anted to any of the cultivators, it is equi- 
table that the most recent among them should give way 
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to the older, who have presenptive rights of longer stand- 
ing, invested capital of larger amount, and obligations to 
the government of greater extent. This is no place to 
express at length iny views on a question of merely local 
interest, and I make this brief allusion to it, because it 
has been present to my thoughts Avbilc preparing the fore- 
going details ; and as I have found that the consideration 
of these has been useful to myself, I venture to think they 
may also be useful to others interested in the matter. 


SECTION II. 

ON TJIR I.EGAL RItillT OK rA-SSAOK I’OIl WATER tS I'lEOMOST. 


In the sketch of the progi’css of the legislation of irri- 
gation given at the coimneuccmcnt of the present Part, I 
have traced in sufficient detail the introduction of the 
right of passage for water (U cUritto d'aciiuedotto) into 
the legislative system of Piedmont, anterior to the code 
of Charles Albert. I may now, therefore, proceed at 
once to the examination of the right as detailed and 
defined in that code itself, or as explained and amplified 
idfCnactments posterior thereto. 

Thet second chapter of Title IV. Book JI. treats of ser- 
vitudes on land established by the law ; and Section V. of 
that chapter is devoted to the right of passage for com- 
munication and for water, as connected with agriculture, 
industry, or general improvement. 

It is with the right as connected with the use of water 
only that I have to do ; and I will now give translations 
of those articles of the code which specially affect it. 
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“Section V. — Of the riffht of ramuje for Water. 

“Art, 622. Every commune, university, or individual, 
is bound to give a jiassage across their lands to water 
derived from rivers, springs, or any other sources, by par- 
ties liaving a legal rigid to the same, and wishing to 
employ it for iiTigatiou, or for the use of hydraulic works. 
Farm-houses, with the courts, thrashing-lloora, aud gar- 
dens attached to them, are excepted from this ride. 

“ Art. 623, The canal required for the water shall be 
executed entirely at the expense of the ]iarty claiming 
the right of passage, and he shall have no title whatsoever 
to demand the said jiassage through canals previously in 
existence, and destined for the use of other waters. The 
proprietor of any farm, however, whereupon a canal car- 
rying u’atcr of which he is the legal owner already exists, 
may prevent the opening of a new canal on the said farm, 
by olFcring to give a passage to the water of another 
through the pre-existing channel, ahvays provided that 
this can be done without manifest injury to the party 
claiming the right of passage. 

“Art. 624. Jt is also permitted to caiTy w'atcr across 
existing canals and watcr-cour.ses, in such manner as may 
be most expedient and best adapted to the locality, and 
to the condition of the said canals and water-courses. It 
is necessary that the works which may be constructed for 
the above-mentioned object shall not stop, check, or 
accelerate, or in any other way change the course or the 
volume oi the water flowing in the canals or water-courses. 

“ Art. 625. In carrying water across public or district 
roads, or across rivers or toiTcnts, the special rules of the 
department of roads and waters shall be observed. 

“ Art. 626. Whoever desires to caiTy water across the 
lands of another, is bound to prove that the quantity of 
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M'ator whereof he is the proprietor is suificieut for the 
purpose to wliich it is destiued ; that with reference to 
the circumstances of the neighbouring farms, tlie slope, 
and the other conditions of the channel, the course, and 
the free escape of the water, the line of passage demanded 
by him is the most convenient, and, at the same time, is 
that which will cause the least possible injury to the 
estates allccted by it. 

“ Art. 627. The party desirous of carrying water across 
the land of another is bound to pay in advance, and be- 
fore the construction of the canal is commenced, the esti- 
mated vsdue of the ground to be occupied, without deduc- 
tion of the land-tax, or any other burdens which may be 
inherent in the soil, together with one-fifth of the said 
value in excess, and also compensation for immediate 
damages, including tliosc due to the division of the estate 
into two or more parts, or any other deterioration which 
may follow on the intersection of the land. 

“ In cases wherein the right of passage is claimed for 
any period less than nine years, the amount to be paid 
by the claimant shall be limited to one-half the value of 
the land occupied by the works, with the fifth in excess, 
and compensation for damages as above detailed. The 
claimant shall further come under obligation to restore 
everything to its original state on expiry of the term 
agi'ced upon. If the party who has obtained a temporary 
right of passage should desh-e to change it into a pci-raa- 
nent one, the payment of the half value of the land, and 
the other terms annexed to the former, shall not be taken 
into account in settling the conditions of the latter. 

“ Art. 628. Any one availing himself of the offer made 
in terms of Art. 623, to allow his supply of water to flow 
through the canal of another, is bound to pay, in propor- 
tion to the volume of water introduced by him, his share 
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of the value of the laud occupied by the works, of the 
excess and compensations as above fixed, and farther, to 
defray in the same proportion the charges for repairs, 
maintenance, and every other expense which the intro- 
duction of the said water may have rendered necessary. 

“ Art. 629. In the event of the party who has obtained 
the right of passage for a certain quantity of water de- 
siring to increase the same, he shall be bound to show 
first that liis canal has sufiiciciit capacity to contain the 
greater volume, and that no injury can result to the estate 
subject to the servitude. When tlic introduction of the 
larger volume of water requii'cs the construction of new 
works, the nature and extent of these must bo determined ; 
and the value of tlio soil to bo occupied, according to 
Art. 627, must be paid prior to the commencement of tlie 
said works. 

“ Art. 630. The terms established in the foregoing 
articles for the passage of water apply equally to the case 
of the proprietor of a marshy estate, who desires to im- 
prove the same either by the process of u'arping, {colmala^ 
or by the excavation of one or more canals of drainage. 

“Should opposition be made to the drainage of the 
estate by parties having rights to the waters on, or flow- 
ing in any way from the same, the tiibunals, in deciding, 
ought to have due regard to sanitary and agricultural 
interests, and also to the use made of the water by the 
objecting parties. 

“ Art. 631. Tlie gi'ants for the use of water appertaining 
to the royal domain are always made on condition that 
they involve no prejudice to anterior and legitimately- 
acquired rights to the use of the same water. 

“ Art. 632. Parties having the right to extract and de- 
rive water from rivers, streams, torrents, canals, lakes, or 
reservoirs, are bound to avoid injuring those situated above 
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or below tliem respectivelj, by the stagnation, or by the 
return, or by the change of course of the said water. 
Whoever, by neglect, may cause any damage in these 
ways, shall be bound to repair the same, and farther, to 
suffer such punishment as may be established by the 
I'egulations of the rural police. 

“Art. 633. In cases where the waters flowing for the 
benefit of individuals prevent the adjoinitig proprietors 
from passing freely to their estates, or check the circula- 
tion of M'ater in the irrigation or drainage of these, the 
parties benefiting by the water are bound to construct 
and maintain in good order the bridges necessary for 
inter-communication, in a sure and convenient manner. 
'J'hey arc f'artlier bound to construct and maintain such 
culverts, aqueducts, and other like works, as arc required 
for the free progress of iiTigation or drainage, saving an 
agi'ccmeut or legitimate title to the contrary.” 

The preceding eleven articles define very clearly and 
distinctly the right of passage as enjoyed in the irrigated 
districts of I’iedmont ; but before making any remarks 
upon them, there are some other portions of the code 
which arc intimately connected with the present question, 
and which it will be most in oixler to give now. 

The rigid of passage for water is regarded in Piedmont 
as a simple seiwitude, involving no right of property in 
the land occupied, and giving to the party exercising it 
no other claim than to mere transit for the water belong- 
ing to him, under such conditions as may make it effective 
to the end contemplated. It is so defined in the follow- 
ing articles : — 

“ Art. 640. The servitude of taking water by means of a 
canal, or other visible and permanent work, for use in 
agriculture or industry, or for any other object, is included 
among the number of continued and apparent servitudes. 
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“ Art. 654. The establishment of a servitude is held to 
involve the grant of everything necessary to its use. 

“ Tlius the servitude of obtaining water from the spring 
of another involves necessarily the right of passage. 

“Art. 663. The right of passage for water does not 
give to the party exercising it any right of property, 
either in the land at the sides, or forming the bed of the 
spring or water-course ; and the land-tax, with all other 
burdens attached to the soil, shall be borne by the pro- 
prietor of the aforesaid land.” 

In examining tlic whole of tlie preceding articles, the first 
point to which attention may be directed is, that the right 
of jiassage in Piedmont has been made applicable, not 
only to water directly employed iu agriculture and indus- 
try, but also to the waters of marsh lands or other locali- 
ties, where their existence would bo injurious to the public 
health or interest. It is held that the drainage, or the im- 
provement by the process oVwaqnng, of such localities, has 
an inilucncc on the general good of the community scarcely 
inferior to that of irrigation itself ; and that he vvho is 
prepared to invest his capital in changing miasmatous 
swamps into fertile fields, is entitled to aid at least equal 
to that afiforded by the law's to the proprietor of water 
employed in increasing directly tlie products of agi’iculture 
and industry. The interests of those who may have ob- 
tained prescriptive or titular rights to the w'atcrs and 
marshes, arc not oi^erlooked ; aud the tribunals with 
which the decision of disputed cases rests, are enjoined 
to conciliate such interests in so far as may be compatible 
with the salubrity of the atmosphere and the good of 
agriculture. 

The right of passage is also applicable to the colature 
or surplus waters, w'hich remain after the first in'igation 
of land has been effected, and the interests of tenants of 
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land under temporary leases are secured by Art. G‘27 in 
a manner peculiar to Piedmont. This latter arraiige- 
meut, whereby tenants possessed of capital, and willing to 
invest it in the improvement of their farms, may obtain 
the riglit of passage for any period less tlian nine years — 
which by tlie custom of the country is tlie usual limit of 
leases — is one of the highest practical value, and exercises 
a powerful ellcct on the general progress of agricultural 
improvement. It may therefore be said that in Piedmont 
the legal right of passage for water has received its most 
comprehensive application ; that the free circulation of 
those waters, on the use or due control of which the pros- 
perity of the most productive portions of the kingdom is 
entirely dependent, has been secured by the most liberal 
arrangements consistent with a due regard to the rights 
of property. Public opinion cordially sustain.s this liberal 
policy ; the genius and traditions of the people, the agii- 
cnltural Customs which have taken root among them, the 
experience of the past, and a clear apprehension of their 
true interests, have all co-operated in securing a general 
approval of the provisions of the civil code in the matter 
of the right of passage for water. “ It is clear,” says M. 
Giovanetti, at the close of his elaborate examination of 
the present question, “ and it may be frankly stated, that 
in Northern Italy the right of passage has received the 
most solemn sanction, popular, political, and legal.” 

Having thus adverted to the comprehensive application 
of the right, I may next notice the guarantees to property 
by which its exercise is accompanied. Among these the 
first is, the protection afforded to all farm-buildings, and 
the laud specially connected with them. The propriety 
of this exception has been questioned, on the grounds that 
the sole line which a w'ater-course could take might be 
through such lands ; that the proprietor of a farm-house, 
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garden or court attached to it, was sufficiently protected 
by the obligation imposed on the claimant of the right of 
passage, to prove that the line selected by him was the 
most convenient, and the least injurious to the estates 
affected by it ; and that the tribunals could, by ordering 
the canal to be covered, or by other appropriate measures, 
prevent any real inconvenience to the occupants of the 
farms. The Legislative Commission, however, was not 
satisfied with these reasons, and the code accordingly 
maintains the exceptions adverted to. It is possible, but, 
in a region having the phy.sical features of the valley of 
the Po, certainly not probable, that inconvenience might 
result from the determination of the commission. 

The vexed question of the right of passage through 
previously existing channels has been very judiciously 
disposed of by the Sardinian legislation. To have con- 
tinued this right to the possessor of water in the absolute 
manner established by the ancient legislation of Piedmont, 
would, as experience had already shown, have led to con- 
stant and harassing disputes. The edict of Charles 
Emanuel III., pnblislied in 1770, and on which the right 
adverted to Avas founded, had been followed by repeated 
law-suits; and though the judicial tribunals had necessarily 
decided all cases in accordance with its provisions, the 
senate of Turin had especially recorded its opinion that 
the law was one of great severity. It is also recorded 
that there was scarcely ever a single case in which the 
results of the union in the same canal, and the subsequent 
division of the water belonging to two different proprietors, 
were satisfactory to both. Hence, in the new code, the 
right of the proprietor of the water to demand a passage 
through pre-existing canals is specially abrogated by the 
first paragraph of Art. 623. But as instances might arise 
in which it would be ruinous to an estate to be subdivided 
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farther by canals, its proprietor has the power of prevent- 
ing this under the second paragraph of the same article, 
by olFering the use of the cliannels already in existence, 
always provided these can be employed without notable 
injury to the other parties. It is not often that this 
power is acted upon, for there is a general impression 
against mixing Avaters ; bnt when special cases arise, to 
Avhich, by mutual consent, it is fairly and conveniently 
applicable, it is well to be able to employ it. 

To prevent the claim to the right of passage being 
made under fictitious circumstances, the claimant is bound 
to prove, by reference to professional oiiinion, that the 
quantity of water lie has to dispose of is snflieient for the 
object contemplated, Avhether in irrigation or for ma- 
chinery, and that all the conditions of his channel are the 
best practicable. There is much more minute care taken 
in the existing legislation of Piedmont, to secure at once 
the efficiency of the Avorks and the minimum of injury to 
the land on Avhich they are established, than in that of 
Lombardy. Experience had shown in the former country, 
that parties frequently excavated a small Aveli or spring 
on land belonging to them ; and though the quantity of 
Avater derived from it Avas v'ery trilling, they claimed the 
right of passage through in’igated fields, or in the vicinity 
of previously existing canals, Avith the vicAV of drawing 
from these sources an additional supply at the expense of 
their neighbours. It was to put an end to such proceed- 
ings that Art. 626 was framed by the commission on the 
code as it now stands, and it contains all the guarantees 
to property which could well be giA^en in the cases 
referred to. 

I may next remark, that the details of compensation 
for land occupied as fixed by Art. 627 seem very just 
and clear. The full value of the ground, estimated with- 
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out deduction on account of public or other burdens 
attached to the soil, with one-fifth of this value in excess, 
form the total direct compensation. Incidental damages, 
of whatever nature they may be, are estimated separately, 
and separately paid for. It will have been observed, that 
almost every law on the right of passage to which I have 
had occasion to refer, has granted to the proprietor of the 
soil compensation in excess of its estimated value. The 
proportiou of this excess varies in the ancient legislation 
from as much as double to as little as one-eighth of the 
value ; but an excess is constant. The motive of this pro- 
vision has been differently explained ; some considering it 
to be a desire to reconcile landed proprietors to the sys- 
tem of forced exchanges ; while others, with perhaps 
gi'catcr plausibility, regard the excess as a compensation 
for the government land-tax, which the proprietor conti- 
nues to pay, though deprived of the use of the gi’ound. 
Whatever its original source may have been, its existence 
has received a new and permanent sanction from the 
Albertinc code, which has fixed its amount at one-fifth of 
the gross value of the soil. In Lombardy, it may be 
remembered, the proportion is rather larger, being one- 
fourth. 

Article G29 involves an important principle, worthy of 
notice. The proprietor of a spring, or an outlet from a 
canal, having obtained a servitude of passage for the 
volume of water dciivcd from it, has a deep interest in 
increasing this volume, and in carrying the increased, 
quantity through the existing channel. lie thus adds to 
his means of irrigation, without adding at all to the 
expenses I’equired for the passage of the water. So long 
as this is done without iu the slightest degree affecting 
tlic interests of the estate subject to the servitude, there 
can be no possible objection to it. But it is well known 
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to all coucci'ued with such points, that to increase the 
volume of water carried by a channel whose dimensions 
have been fixed for a smaller quantity, may entail seriously 
mischievous results, as, in fact, the conditions of the pro- 
blem are all changed by the change of this most essential 
element. Hence the code forbids any augmentation to 
the discharge of a channel without a previous investiga- 
tion by qualified parties, who must ascertain that its capa- 
city is sufficient, and that no injury will be caused to 
otliers. In practice this article has a large range ; it 
affects the whole of the works of a canal, as none of these 
can be changed — no aqueduct, for example, can be sub- 
stituted for a culvert ; no passage undt'r for one over tlie 
water-course of another party ; and so on, — until it has 
been established that the proposed change is an innocent 
one, or, if it lie not, until due compensation for the injury 
it will cause has been settled and paid. And if the quan- 
tity to be added to the old supply is so considerable as to 
require an enlargement of the channel and additions to 
the works, the whole of the precautions and provisions 
established by Article 627 have to bo observed, as though 
a new passage were being negotiated for. The interests 
of both parties concerned are thus equitably adjusted. 

The other provisions of the code do not seem to call 
for any special remark. The reservation of anterior 
rights in all new grants of water belonging to the royal 
domain, the obligation on all proprietors of water to main- 
tain their channels in jierfect repair, the rules for the dis- 
tribution of expenses among joint proprietors of the same 
water-course, the maintenance of the means of intercom- 
munication which the cxei’cisc of the right of passage may 
interfere with — arc all just, clear, and practical details, 
of which a simple record is sufficient, and on which it 
would be tedious to dwell at length. 

VOL. II. s 
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The foregoing provisions of the code on the right of 
passage apply exclusively to the construction of canals 
belonging to private parties. There are works of the 
same order, however, which, as affecting larger interests, 
may be declared works of public utility, and as such bo 
brought under a different scries of provisions, to which, 
before concluding the present section, I may briefly 
advert. 

The following articles of the civil code regulate in 
general terms the occupation of property for purposes of 
public utility : — 

“Art. 441. ^^'o one can be compelled to cede his pro- 
perty, or to allow anotlior to make use of it, unless for 
objects of public utility, tand on receipt of a just compen- 
sation, payable in advance. 

“ The works of public utility, and the property to be 
occupied by the same, are determined under provisions 
emanating from the sovereign. 

“ The rules to be followed in the aforesaid cases shall be 
fixed by special laws and regulations. 

“ Art. 442. When the parties cannot agree before the 
administrative authority on the amount of the indemnity 
to be paid, the disputes shall be decided by the legal 
tribunals.” 

On the 6th of April 1839, a special law was published, 
regulating at gi'cat length all matters connected with tho 
class of works above referred to. As it consists of 
seventy articles, and as by far the larger number of them 
have reference to matters of detail only locally applicable, 
I need not give the act in full. 

The first and second ai'ticlcs are to the following 
eflect : — 

“Art. 1. Works of public utility ai’c those executed on 
account of the royal domain, of the state administrations. 
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of provinces, and of communes. Such works, and the 
property to be taken possession of in execution of the 
same, shall be determined under Article 441 of the civil 
code, by letters-pateut issued under the advice of the 
council of state. 

“Art. 2. Works executed by associations or single 
individuals may also be declared of public utility by 
appropriate letters-patent, whenever their importance, or 
their influence on the development of the general pi’os- 
perity, is such as to warrant this character being attri- 
buted to them.” 

The declju’ation that any particular works arc of public 
utility, relieves them from the conditions proscribed in 
Articles 62(5 and G27 of the civil code, and brij)gs them 
under those of Articles 441 and 442. Hence the land 
occupied by canals of this class becomes, on payment of 
an amount of compensation — to be agreed upon between 
the parties, or decided by the legal tribunals — the absolute 
property of the associations or individuals to whom the 
canals belong. The passage of the water is not eflected, 
as in purely private w'orks, by a right of simple servitude, 
but under a forced sale of the ground occupied by the 
channel. Articles 11 to 4 7 of the patent of the Gth April 
183.9 are devoted to defining clearly the terms of this 
sale when it can be effected by amicable arrangement 
under the sanction of the intendants of the provinces. 
The general object is to grant a just compeiusation for the 
ground occupied, or the injuries unavoidably caused by 
the works, but nothing more ; no excess as in private 
cases, but the simple value of the soil, estimated on the 
basis of the actual returns for ten years preceding the 
period of forced sale, or on other similar data. xVrticles 
48 to 70 prescribe the rules to be followed by the tri- 
bunals in the event of questions of compensation being 
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referred to them, and authorise in certain emergent cases, 
as in breaches of river or canal embankments, summary 
possession being taken of laud necessary for the works. 
Tlic tribunals, if dissatisfied with the estimates of value 
made under orders of the administrative authorities, can 
direct new ones to be framed by engineers selected by the 
disputants, or, if that is impracticable, by themselves. In 
cases of dispossession (espropriazione) under the present 
law, all burdens, public or otherwise, attached to the land, 
become transferred to the new proprietors. 

To remove all doubts concerning its principles, and the 
manner of applying the law of tlie 6th of April, the 
Secretary of State for the Interior published, on the 12th 
of June 18:19, a series of instructions to the iutendants of 
provinces, which ho desires may be regarded as a com- 
mentary on the law referred to. Tlic first of the scries, 
consisting of forty articles, embraces all details connected 
with the declaration of public utility ; the second, in one 
hundred and si.vtccn articles, prescribes the various forms 
to bo observed in adjusting the amount of compensation 
in communication with the administrative authorities ; the 
third, in twenty-four articles, defines the powers of the 
legislative tribunals in the same matter ; and the fourth, 
in thii ty-threc articles, refers to certain exceptional cases 
and special provisions. It is only to those details which 
particularly aflect canals of irrigation that it is necessary 
for mo to advert here, and I will do so as rapidly as I 
can. 

“ The law of the Gth April,” the secretary of state I’e- 
marks, “ declares in its first article that works of public 
utility are those executed on account of the domain, the 
administrations, the provinces, and the communes. This 
definition, however, is not to be understood in a sense so 
extensive and absolute as to include every work of evei^ 



OAKALS DECLARED WORKS OF PUBLIC UTILITY. 277 


kind which is undertaken bj these bodies. Thus, for 
example, should a commune construct a house, a mill, oi" 
a Avork of any kind, designed for the improvement of its 
own lands, or the increase of its own revenues, it is to bo 
regarded in such cases merely a.s a proprietor, since there 
are no larger interests involved than tho.se of any private 
individual undertaking works of the same cla.ss. The 
object is too limited to involve the idea of public utility 
as understood by the legislature. Tint whenever the limit 
of simply private interest, whether in the case of corporate 
or individual proprietors, is passed, and the work is de- 
signed for public use, the declaration of public utility may- 
be claimed without reference to the special nature of the 
work. 

“ U’herefore, canals and water-courses, provided they 
have a material influence on the public advantage, become 
included among those works on behalf of which the de- 
claration of juiblic utility may be made. 

“ In fact, although the civil code has cstabli.shod certain 
special rules for canals and water-courses, with the view 
of facilitating their construction by private parties, it does 
not thence follow, that, when they present all the charac- 
teristics of other works of public utility, the benefits secured 
by the laws to such works should be denied to them. 

“ It is accordingly to be concluded that, when projected 
canals possess the characteristics of works of public utility, 
they shall be so declared, with the view of applying to 
them the provisions of the law on dispossession. 

“ But, on the other hand, when the canals and water- 
courses are projected with a view to private interests only. 
Articles 626 and 627 of the civil code shall be applicable 
to them.” 

In reviewing the foregoing details, it appears that in 
Hedmont, canals of irrigation, in so far as the right of 
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passage is concerned, arrange tlicmselTcs into two great 
classes: 1st, Canals of such magnitude and importance as 
to warrant tlie adininistratiTe authorities of the State in 
declaring tliera works of public utility ; and 2d, Canals 
involving interests so restricted as to be regarded as 
purely of a private character. To both the right of pas- 
sage is guaranteed, and the free circulation of water of 
iirigation is thus secured ; but, in the finst case, this right 
is oue of absolute proprietorship of the land occupied by 
the works on payment of a fair compensation ; in the 
other, it is simply a right of servitude, cairying with it 
no proprietary rights whatever ; subject to the provisions 
of the code aflccting sciwitudes generally ; and acquired 
only on payment of the full value of the land estimated 
without deduction of burdens, M'ith one-fifth in excess, 
and on compliance with the vfirious other regulations 
established by the code. 

Such is a summary, in general terms, of the state of the 
present question in Sardinia ; and I am sure that the 
various details which have now been given deserve the 
serious consideration of all interested in the progress of 
irrigation in India. I have already had occasion to state, 
that the right of passage is recognised there in a rude and 
elementary form, unaccompanied by any definitions of its 
terms, or by any guarantees whatever to the private rights 
of parties affected by it. It will be impossible, as I am 
satisfied it would be most unjust, to allow matters to 
remain permanently in this undigested state, wdiile our 
irrigation system is expanding so rapidly. There are 
points of similarity in the fiscal administrations of Nor- 
thern Italy and Northern India, which would admit of 
the regulations connected with the right of passage in the 
former region, and especially in Piedmont, being trans- 
fericd to the latter, with such modification as local peen- 
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liaritics might require. The great canals of supply in 
India, and the chief distribution channels which affect 
interests of considerable extent, might take their places 
among works declared of public utility by the local 
government, and have the right of passage on terms ana- 
logous to those proscribed for such works in Piedmont ; 
wliile the water-courses of village communities or private 
proprietors might liavc the same right, on terms more 
favourable to the owners of the land occupied. At pre- 
sent, however, I do not wLsh to enter into details on these 
points ; nor perhaps is this the proper place or time to do 
so. I earnestly commend the principles Avliich are to be 
found in the Piedmontese legislation on the present sub- 
ject, to the consideration of those interested in the future 
progress of the canals of Northern India and the Punjaub. 
I believe they may be adapted to the local institutions of 
these countries with most beneficial effect, but they are 
new to us ; and I feel that, before any special method of 
applying them could be devised with good effect, they 
should be subjected to examination and discussion by par- 
ties on the spot, and familiar with the habits, feelings, 
and wants of the populations among whom it is sought to 
introduce them. I wish to see our present arrangements 
affecting the right of passage placed on a broad and sure 
foundation, satisfactory at once to the government and to 
the agricultural community. But to effect this, many 
minds must combine their efforts — much local information 
be collected and discussed ; and it is in India, not in 
England, that the improvements contemplated can best 
be matured. I have sought to furnish the rough materials 
for these ; and hereafter I may perhaps be permitted to 
participate in the task of reducing them to forms suited 
to the nature of the works, and the necessities of the 
countries for which they are designed. 



SECTION III. 


ON’ Tire MKASCREMKNT ANII DISiniBUTION OP WATKll POtt HUUG.\TION. 


Before giving the articles of the civil code -which now 
regulate the matters comprised in the present section, I 
may briefly describe the modes in -which water is ordi- 
narily issued for irrigation througliout Ihedmout. 

There arc three methods of distribution in common use. 
1st. The distribution according to tlie Use made of the 
water, for which an unregidated outlet (locally termed 
hocca libera) is employed. The irrigation of any given 
area ot land, without reference to the precise tpiantity of 
water such irrigation may consume, comes under the,, pre- 
sent head. For o.xamplc, rice-lands arc invariably irri- 
gated from unregulated outlets ; and the only condition 
attached to this mode of issuing water is, that the object 
contemplated, be it agricultural or industrial, should be 
fully and efficiently accomplished. The free outlet of 
Piedinont is precisely that Avhich is in use on all the 
canals of India, where no specific contracts for measured 
quantities of water have yet been formed, and where the 
area 'irrigated is the only point taken into consideration. 
The free outlet is generally of the simplest form, being 
merely an opening in the bank of the canal, unprovided 
with any measuring apparatus whatever. The volume il - 
discharges is of course very indefinite ; and as any chau|^ 
in the circumstances of the canal of supply at once affects 
it, disputes are of frequent occurrence. The tribunals 
show much jealousy of alterations in the main lines of 
canals on which such outlets exist, for these derange at 
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once the ancient relations between the proprietors of the 
canals and the consumers of the water, inevitably almost 
inflicting injury on the one class or the other. ' 

2d. The second method of distribution has reference to 
the Time for which the water is granted ; and for this the 
unregulated or regulated outlets (the latter arc termed 
boGche tnssate) are employed indiscriminately. 

3d. The last method has reference to the Quanlity of 
water distributed, and for this only the regulated outlet 
can be employed. The forms of this hind of outlet have 
been already do.scribcd in Part 111., so that it is needless 
to advert to them now'. On the three conditions speci- 
fied, viz., the Ihe, the Time, and the Qmntiti/, the distri- 
bution methods of Piedmont are based ; and the framers 
of the code hept all in view in prepriring the articles to 
which I have now to direct attention. 

»*Xhesc articles arc as follow : — 

“Art, 641. In future, when an agreement shall bo en- 
tered into for a constant and determinate quantity of 
running w'ater, and the agreeing parties shall settle be- 
tween themselves tlic form of the outlet or edifice of 
derivation, then that specific form only shall be ob-sciTcd. 
The parties concerned shall not be permitted to impugn 
its correctness on the ground cither of excess or defect of 
supply, unless such diflercnce in cither way shall exceed 
one-eighth of the quantity agioed upon ; and the action 
shall be instituted before the expiry of three years from 
the time when the work w'as first brought into use; always 
excepting the case in which the increase or deficiency of 
twater may arise from changes in the supplying canal 
itself, or in the volume of the water flowing in it. 

“ If, in the absence of any agreement for a specific form, 
the outlet in actual use shall have been peaceably pos- 
sessed and employed for the space of ten yeai's, no com- 
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plaints regarding cither excess or defect of water shall be 
entertained, excepting in the case of variations in the 
supplying canal, or in the course of the water flowing 
tlicrein, as above specified. 

“ In default of any agreement regarding the form of the 
outlet, or of possession, the form shall be determined by 
the tribunals, on the judgment of professional men {periti) 
nominated by consent between the parties, or, if they 
cannot agree, by the tribunals themselves. 

“ Art. 642. When grants of water, made for a specific 
service or object, do not express in terms the quantity 
granted, they shall be held to accord that volume which 
is ncccs.sary for the ftdlilment of the said service or use. 
It shall bo lawful for the parties interested therein to fix, 
at any time, the form of the outlet, and so to limit it as 
that the grantee shall receive the volume sufficient for the 
service agreed upon, but notliing more. 

“When, however, the parties shall have agi’eed to give a 
definitive form to the orifice of discharge or the outlet, or, 
in default of an agreement, there shall have been a peace- 
able possession of such a form for the period above de- 
fined, objections to the same shall be admitted only in the 
cases and within the periods established in the former 
article, (Art. 641.) 

“ Art. 643. In new gi’ants of water, wherein a constant 
quantity of running water shall be agreed upon and spe- 
cified, the said quantity shall be expressed in all public 
acts in terms of the ‘ module of water,’ {in relazime al 
modulo d’acqua.) 

“ The module of water is that quantity which, under 
simple pressure, and with a free fall, passes through a 
quadrilateral rectangular opening, so placed as that two 
of its sides shall be vertical, with a breadth of 2 deci- 
metres, a height of 2 decimetres, and opened in a thin 
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plate, against which the water rests, and is maintained, 
with its surface perfectly free, at a height of 4 decimetres 
above the lower edge of tlie opening.” 

Such are the various conditions by which the civil code 
regulates agi’ecinents for water, based either on the forms 
of the outlets, or the use to which the water is destined. 
I have repeated the definition of the legal module, Avith 
the view of showing at once all the information on the 
subject to be found in the code. 1 Avould draw attention 
briefly to some of the peculiarities in this legislation. The 
first point to bo noted is, that an agreement between the 
parties interested, as to the form of outlet to be employed, 
takes precedence of every other arrangement. The form 
may be an inditterent one ; it may or may not have the 
guarantees for correctness which hydraulic science has 
pointed out ; but if the parties arc themselves satisfied 
with it, the law does not interfere between them, farther 
than by interposing certain obstacles to needless litigation. 
It is taken for granted that, if the proprietor of the canal 
and the employer of the water deliberately arrange, with 
the best advice they can procure, to make u.so of a certain 
form, and have the same constructed under their owui 
immediate superintendence, or under that of parties in 
whom they have confidence, the result ought not to bo 
lightly disturbed. 

Some distinguished authorities* on the legislation of 
irrigation are disposed to think that, under such circum- 
stances, the only gi'ounds of objection which ought to be 
entertained are changes in the supplying canid, or in the 
volume or course of its waters ; that it is better to main- 
tain the terms of a deliberately formed agreement, even 
if they should not be perfect in their operation, than to 

* Qiovanetti in liis Treatise on Waters^ and Biangini in the A nnaU of funs- 
•prudence^ Fasciculus /., pp. 80-104. 
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admit uncertainties and disputes, which are always mis- 
chievous in their influence on agricultural operations. 
The framers of the code, how'ever, were not disposed to 
adopt in all cases tliis extreme view, and they have fol- 
lowed a middle course, which experience has shown, I 
believe, to be judicious. It is clearly admitted that, in 
the jircseut state of the science of hydraulics, it is not 
possible to construct an outlet which will discharge, at all 
times, and under all circumstances, the precise quantity 
of water which parties may agree to furnish and to receive 
respectively. Hence, to allow a margin for the influence 
of such admitted imperfections, the code has fixed a cer- 
tain limit ; and so long as they do not c.xcccd this, either 
in exccs.s or defect, the agreement cannot be impugned. 
This limit of one-eighth of the stipulated volume is held 
in Piedmont to bo siiflicicnt to include the variations 
likely to occur in forms of outlet, constructed with the 
best information now available. But there are still other 
limitations. Let the diifcrcnces between the real dis- 
charges of the outlets and the quantities of water agreed 
upon between the parties be what they may, the use of 
such outlets for three years, without complaint on either 
side, bars all subsequent objections. It is held that, if 
the proprietor of the canal has allowed the employer of 
the water to use for three years the form of outlet agreed 
upon between them, Avilhout making .any objections what- 
ever, he has given sufficient proof that it fulfils his object, 
and protects fully his interest, A like inference is war- 
ranted by the silence of the consumer. Three years is an 
abundant time for both parties to become familiar w'ith the 
operation of outlets established by mutual consent ; and 
if no complaints arise on either side, the legislatime is 
quite safe in removing the agreement beyond the reach of 
discussion afterwards, except, of course, in the case of 
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novel and unforeseen circumstances, connected witli the 
canal of supply, arising to derange all previous calcula- 
tions. A principle similar to the foregoing regulates cases 
in which no specific form has been agreed upon, but where 
an existing outlet’ has been tacitly used for ten years. 1 
do not see clearly why, in this ctise, the time should be 
more than tripled, unless it be that mutual consent and 
deliberate consideration arc less clearly implied than where 
specific agreements have been entered into. It is to be pre- 
sumed that no proprietor of a canal would allow an outlet 
to be constructed arbiti’arily on its banks, or that, if by 
some inconceivable possibility such an outlet had without 
his knowledge been established, he would fail to protest at 
once against it. Ten years seem needlessly long in such 
cases ; but perhaps there ai‘e circumstances, not patent to 
a stranger, wliich justify the adoption of sucli a period. 

When the service to be done by the water is the basis 
of the agreement. Article G12 prevents any doubt arising 
as to its terms. The quantity of water required to eftcct 
the object, be it the irrigation of 100 acres of rice, the 
driving of one or more water-wheels, or any other like 
end, is determined by professional men nominated by the 
parties, or by the tribunals if the case is carried before 
them ; and it is open to the parties, when they tliitik fit, 
to replace indefinite arrangements of this kind by the 
introduction of regulated outlets under the conditions 
prescribed for these. 

Arts. 641 and 642 arc connected with the relations of 
irrigation in existence prior to the publication of the 
Albertinc code. The terms of agreements subsequent to 
that act, fall under the operation of Article 64.3, in so far 
as the expression of quantity is concerned. It has been, in 
fact, illegal since 1837 to use any other measure than the 
modulo of the code ; aud on all the government canals, at 
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any rate, it is adopted. I hare already, however, in 
Sect. I., Chap. I., Part III., entered into sufficient details 
on this point, and I need not occupy time and space in 
reverting to it here. 

TJie methods of measurement and distribution by 
Quantity and special Use have now been adverted to. 
There remains the third method, by Time, to be noticed ; 
and for this I have already mentioned that regulated or 
unregulated o>itlcts arc made use of indiHerently. The 
distribution by time arranges itself in several subdivisions. 
These arc — Ist, Outlets for summer waters. 2d, Outlets 
for M'intcr waters. 3d, Outlets for irrigation during the 
day. 4th, Outlets for irrigation during the night. The 
3d and 4th varieties arc in use particularly for meadows 
and gardens. 5tli, Outlets for iri-igation by horary rota- 
tion. All of these various outlets may be held under 
perpetual gi'ants, under leases in perpetuity, or for limited 
terms ; in fact, under any of tho conditions rcfoiTed to 
in the First Section of the present Part. They may farther, 
under these conditions, have rights to constant or inter- 
mittent supplies of water. The manner in which tho 
Sardinian code deals with these various fonns of irrigation 
by time, is shown in the following articles : — 

“ Art. 644. The right to a constant supply of water 
exists at every instant. 

“Art. G45. The right to summer water (acqua estiva) 
exists from the equinox of sprung to that of autumn ; to 
winter water (acqua jemale) from the equinox of autumn 
to that of spring ; and for water distributed at intervals 
of hour's, days, weeks, months, or otherwise, for the time 
agr’ced upon or possessed. 

“ The distribrrtiou of water by days and nights is regrr- 
latcd by the rratural day and night. 

“The use of water on holidays is restricted to such 



EXPLAXATOBY BBMAEKS. 

holidays as were in existence at the time when the agree- 
ment w'as originally made, or actual possession of the 
water obtained. 

“ Art. 646. In distributions of water made by horary 
rotation, the time necessary for the water to flow to the 
outlet of an employer thereof shall bo included in his 
period of rotation ; and the water which passes down the 
common channel at the changes of the rotation (locally 
termed the coda deW acquci) belongs to the employer 
with whom the rotation terminates. 

“ Art. 647. The water which rises or leaks into the 
bed of the canal subject to the distribution by rotation 
adverted to in the preceding article, cannot be stopped or 
appropriated by ati employer, except at his own proper 
period of the rotation.” 

A few explanatory remarks on the foregoing articles 
may not be misplaced. The definitions contained in Art. 
644 prevent any doubts arising as to the precise mean- 
ings to be attached to common expressions used in regard 
to iirigation by time. It was not without a necessity for 
it that a clear definition of the meaning to be attached 
to the word day, when used in agreements for irrigation, 
was given by the code. It became matter of di.sputc 
before the judicial tribunals, as to whether the civil day, 
consisting of 24 hours, or the natural day, beginning with 
the rising and ending with the setting of the sun, was to 
be understood. The code decides that distributions, in 
terras of days and nights, imply the use of the latter, or 
the natural periods. 

The agreements for irrigation on fete days are of very 
ancient origin, and invariably have reference to the use of 
the watera of streams employed ordinarily in driving the 
corn-mills of a town or community. As such works were 
stopped on holidays, the ancient statutes permitted the 
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water to be used at such times for irrigation. But fetes 
are, as is known, very movable in their nature ; they are 
created, suppressed, or changed, at tlie will of the church ; 
and hence agreements into which they entered were con- 
stantly being affected, loading to numerous actions at law, 
and great doubts and difficulties. Hence the establish- 
ment by the Sardinian code of the principle involved in 
the final paragraph of Article (544, by which the ffite 
days in existence at the time the agreement was entered 
into, or possession of the water obtained, arc to be under- 
stood in intei'prctiiig the terms of such agreement or pre- 
scriptive right. 

The conditions prescribed for the distribution of water 
by horary rotation appear very just and necessary. Until 
the point was settled by the code, it was occasionally in 
dispute, whether the loss of time due to the passage of the 
M'atcr from the canal of supply to the outlets of the 
different employers, should be borne by the proprietor of 
the canal, or by the consumers. It is establi.shed as a 
general rule that, when the water passes below the outlet 
of the common channel, any loss of time that may arise 
shall affect the employers only, being borne by each in 
proportion to his distance from the head, or from the 
outlet of the party which precedes him in the order of the 
rotation. 

It is surpri.sing to what an amount of learned legal 
disquisition that small volume of water, quaintly termed 
tlte tail, has given rise. The di.sposal of it has been a 
sort of trial-problem to all the great authorities on the 
legislation of irrigation ; each has in turn broken a spear 
on its behalf with the others ; and it has been to them 
something like the search for the philosopher’s stone to 
the alchemist, or pei'petual motion to the mechanician. 
Where doctors so learned have failed to convince each 
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Other, it is not to be wondered at that an unleamed 
inquii’er should feel somewhat bewildered; and I will only 
therefore say, that though different reasons arc assigned 
for it by different parties, the conclusion embodied in the 
Sardinian code, that the employer with whom the rotation 
terminates has the best right to the tail, seems to be that 
which commands general approbation. 

I have before mentioned, that, from peculiarity of phy- 
sical structure, the soil of the irrigated region of Northern 
Italy is rich in subtciTanean springs, and that considerable 
supplies of water arc occasionally afforded by these to the 
ordinary channels of irrigation. It has repeatedly become 
matter of legal inquiry to determine the parties to whom, 
in water-courses subject to the nde of horary rotation, 
these supplies properly belonged. It is also inevitable, in 
such cases, that certain small quantities of u atcr should 
escape through the sluices attached to each outlet, and 
should pass on through the channel. The united volumes 
from subsoil springs and leakage-waters arc sufliciently 
important to merit the special consideratioi of the legis- 
lature ; and the decision, that no employer has the right 
to interfere with these out of his regular tour of rotation, 
sanctioned by Article 647, seems equitable and right. 
The period of rotation limits I’igidly and distinctly each 
employer’s right to the enjoyment of the volume of water 
ill the common channel. While it lasts, he has the power 
of using every drop he can obtain from whatever source 
it may be procured ; but the moment it ceases, his right 
becomes extinct. Hence, therefore, the surplus waters 
remaining, after the rights of all the employers have thus 
been duly satisfied, belong to none of them, but to the 
original proprietor of the water, or to that party to whom, 
by special agreement, the final excess of supply may have 
been allotted. 


VOL. ir. 
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It ia not uncommon, in the irrigated districts of Pied- 
mont and Lombardy, for parties to make mutual inter- 
ebanges of their periods of rotation. Special cases arise, 
in which water is Avanted at special times, by individuals 
not possessed of the right to irrigate at such times. -They 
therefore effect an e.xchangc of period with other parties, 
to whom an arrangement of the kind may be convenient ; 
and though the law is doubtful on the point — some deci- 
sions being in favour of, and others against, this proceed- 
ing — ^tljero does not appear to l)C any valid objection to its 
use, if it be guarded by the provision, that the other 
employers of the water-course sliall sustain no serious 
damage by the manner in which it is carried into effect. 
An analogous custom is common in India : the positions 
of outlets on water-courses, lield in common, are often 
changed ; and so long as other parties do not suffer by 
this, the interests of agriculture are certainly promoted by 
its being freely made use of. 

All the methods of distribution to which reference has 
been made, are subject to a contingency to which I have 
now to advert. The canals of irrigation, public and 
private, depend for their supplies on rivers liable to varia- 
tions of volume, consequent on tlic natural influence of 
the seasons. These supplies are farther affected by acci- 
dents to the works of derivation, by the efficiency of the 
embankments for retaining the water in the canals, of the 
repairs and clearances of the beds, and so on. From the 
influences of these various causes, it may, and in fact 
constantly does happen, that the supply of a canal is 
inadequate to the demands upon it ; and the obligations 
which arise out of such a contingency require to be 
provided for. 

The obligations of the proprietor of a canal to the 
employers of the water supplied by it, and the provisions, 
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iu case of deficiency, are thus established by the Sardinian 
code : — 

“ Art. 664. In default of special agreements, the pro- 
prietor or other granter of water from a spring or canal 
is under obligation to those who hold grants of him, to 
execute all the ordinary and extraordinary workvS required 
to procure the su])ply ; to conduct and to preserve the water 
up to the points at which the employers take possession 
thereof; to maintain the buildings iu an efficient state; 
to repair the bed and banks of the spring or canal ; to 
cflFect the usual clearances ; and to exercise due diligence, 
watchfulness, and care to insure tlie derivation of the 
water, and its regular supply being respectively made and 
given at the appropriate times, under pain of having to 
pay compensation for all injuries inflicted on the employers 
by liis neglect of duty. 

“Art. 66t). If, however, the granter of the water can 
jirovc that the deficiency of the supply arose from natural 
causes, or from the acts of others, for which he could not 
be held responsible either directly or indirectly, he shall 
not, in such cases, ho bound to pay compensation for the 
injuries sustained by the employers, but only to submit to 
a proportional diminution of the amount of water-rent, or 
the equivalent corresponding thereto, whether previously 
paid or not, Avithout prejudice to the right of the injured 
parties, to institute an action for compensation against 
those who may have caused the deficiency. 

“ In the second of the cases contemplated above, the 
granter of the water is bound to join in the action with 
the employers, should they so desire, and to use every 
means in his power to assist the same in obtaining com- 
pensation from those who had caused the deficiency of 
water. 

" Art. 666. The deficiency of water shall be borne by 
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those parties during wliosc period of rotation the said 
deficiency may occur i saving their right to compensation 
for injuries, to diminution of water-rent, or its equivalent 
as above defined. 

“Art. 0‘67. Among the different employers, those 
individuals whoso titles or rights of possession are most 
recent, shall first bear the effects of the deficiency of 
.supply. Among cmploycns equal in the preceding respects, 
the deficiency shall first affect those whose outlets ai’e at 
the lowest levels ; saving, in all cases, the right of action 
for compensation against tlic parties causing the deficiency.” 

In the preceding articles three main causes of defi- 
cienc}' of supply are contemplated: 1st, Natural causes 
— as the fall of the level of the supplying river, the 
destruction of dams or other works by floods or other 
natural contingencies wholly beyond the control of man ; 
2d, Neglect of the proprietor of the canal in executing 
the needful ropair.s and clearances ; and, 3d, The inter- 
ference of third parties in turning the supply of the canal 
from its usual course, without the knowledge or the con- 
nivance of the proprietor. In the first case very serious 
injury might result to the oiuployers ; their whole haiTCst 
might bo ruined; but it would be manifestly unfair to 
make the proprietor of the canal responsible personally 
for results to which he had in no way whatever been 
accessory ; at the same time, it would be equally unfair 
to compel the employers to pay for water which tliey had 
never received. Hence the arrangement, just to both 
parties, sanctioned by the fir.st part of Art. 66.5, whereby 
the proprietor is absolved from all claims for damages, 
but is bound to reduce the amount of his annual water- 
rent in proportion to the extent of the deficiency. It 
may l>e true that the proprietor had gone to all the usual 
expense for the works of derivation ; that he had done 



WHEN THE PKOPBIETOR IS FREE FROM BI.A.ME. 293 


everytliing man could do to insure the supply ; that his 
outlay had, in fact, been very raucli greater than in ordi- 
nary years, having been increased in consequence of his 
efforts to counteract the deficiency by the execution of 
extraordinary works : but the broad flict remains, that 
the em[)loycrs have not had the quantity of M’atcr for 
Avhich their payments were the equivalents ; and to exact 
those payments where tlicy may not have been made, 
or to refuse to refund them when they may have been re- 
ceived in advance, would lie unjust. The misfortune has 
been a common one, and it is diflicult to say on wliich 
party it might fall most heavily ; but for either to seek to 
lighten its weight at the oximnse of the other, by demands 
in the one case for services not performed, or in the other 
for injunes not inflicted, would only be to mix injustice 
with mishap. The present point merits attention iji 
India, where I think there is much room for improvement 
in the rules for regulating the remission of water-rent for 
deficiency of supply in the canals, M'hen this is due to 
natural cfiuses. I’hci'e are, in fact, no definitive rules yet 
established, though it is well known to every one who has 
had practical experience, that cases to which they would 
be applicable arc very often occurring. 

In the second case, the direct personal responsibility of 
the proprietor of the canal is clear and unquestionable. 
If he neglects his obligations, or from incapacity fails in 
fulfilling them, the emiiloycrs hare a plain claim against 
him, not only for remission of water-rent, but for full 
compensation for all damages sustained from the deficiency 
of the supply. The position of the proprietor in the 
third case is the same as in the first ; he has been in no 
way accessory, directly or indirectly, to the creation of the 
deficiency, and hence it would be unfair to make him 
responsible for its effects. The third party by whom tho 
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interference with the supply may have been effected, has 
caused a coninion injury to him and to tho employers j 
tlicy have, therefore, their remedy, jointly or separately 
as may be expedient, against this interfering party, both 
as relates to the revenue it may be necessary to remit, or 
the damages which may have been sustained. 

The remaining articles regulate the manner in wdiich 
the deficiency of supply is to be borne by employers 
among themselves. I'lie arrangements are peculiar to tho 
j^iedmonteso legislation, and appear to be equitable to all 
parties concerned. Whatever injuries the most recent or 
tho lowest placed of the employers may sustain under the 
operation of these articles, are open to redress by the 
tribunals, either as again.st the proprietor of tho canal or 
third parties, as may be. 

In reviewing tho legi.slative regulations for the measure- 
ment and distribution of water in Piedmont, it is impossi- 
ble to refrain from giving them the highest praise. There 
is scarcely a contingency which could ari.se in this compli- 
cated and necessarily imperfect branch of the law of irri- 
gation, which has not been foreseen and judicioiusly pro- 
vided for. I cannot suppose that I have done full justice 
to the sidycct, as it involves subtle questions which have 
exercised keen legal intellects ; but I trust that the prac- 
tical object of so explaining the principles and details of 
the various provisions, as to make them clear to those 
on whom tho progress of improvement in the irrigation 
department of India depends, may have been accom- 
plished. I have no hesitation in expressing my conviction 
that the various articles examined are worthy of careful 
study, as containing sound and equitable principles, which, 
if transplanted to the East, would prove the germs of 
an orderly and progressive improvement, of the highest 
importance to the groat interests now growing up in 
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dependence on the inigation system the English Govern- 
ment is so earnestly engaged in developing. 


SECTION IV. 

O.V PKOTECTIVE DISTANCES BETWEEN WATEB-COUBSES, DISPOSAI. OP 

DBAINAOE-WATEUS, EXTINCTION OP SEtlVITCDES CONNECTED WITU 

WATER, AND HUI.E OP SI.'M.BAUT POSSESSION. 

When an irrigated region is distinguished by a natu- 
rally porous and pervious soil, the necessity arises for 
protecting, by such rules as experience may have shown to 
be applicable, the rivers, canals, and springs on which the 
agricultural community are dependent. The provisions 
for this purpose arc now left in Lombardy, as I before 
mentioned, to be determined for eacli cjise by the judg- 
ment of professional men familiar with the localities. In 
Piedmont, the law has decided sundry points connected 
with this matter ; and as we have the same effects of 
percolation to deal with in Northern India as have been ob- 
served in Northern Italy, I now propose to give translations 
of the articles of the Sardinian code, by which they have 
been regulated, and, so far as was practicable, prevented 
from injuring the rights of individuals. There is unques- 
tionably great difficulty in prescribing fixed rules in general 
terms for questions dependent on the influence of absorp- 
tion by, or perlocation through, the soil — an influence iu 
its nature essentially fluctuating, and modified by nume- 
rous physical circumstauces. There are probably no two 
localities where the amount of water absorbed by, or 
draining through, the land, is precisely the same ; every 
change in the constituents of the soil, every variation of 
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the proportions betn'cen these, differences of slope in the 
water-courses, and so on, alter the conditions of the pro- 
blem. Still, cxperioncc has shown that there are certain 
limits within which the effects of the causes just men- 
tioned arc practically restricted ; and though this is espe- 
cially a case where the jirecise terms applicable to one 
country cannot possibly be transferred to another, unless 
the physical elements in both are the same, yet it wdll 
bo of interest and use to show the manner in which the 
question has been dealt with in a region which has strik- 
ing resemblances to that with which we arc especially 
concerned. 

The articles affecting protective distances arc the fol- 
lowing : — 

“Art. 599. The ditches and canals which the proprietor 
of an estate may excavate on his owm land, shall be placed 
at a distance from the boundaiy-lincs of adjoining estates 
at least equal to their respective depths, except in cases 
where local regulations prescribe a greater interval. 

“Art. 600. The aforesaid distance shall be measured 
from the edge of the bank of the ditches or canals nearest 
to the boimdary-lincs above referred to. This bank ought 
always to have a slope equal to its height, or, in the ab- 
sence of such a slope, it ought to be provided with retain- 
ing works. 

“ \V here the boundary of an adjoining estate is formed 
by a ditch possessed in common, or by a private road also 
common, or subject to the servitude of passage, the dis- 
tance shall be measured from the crest of the bank, as 
above defined, to the edges either of the common ditch 
or road nearest to the property of the party desirous of 
excavating the new canal or ditch ; the obligations re- 
garding the slope or revetment of the channel remaining 
in full force. 
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“ Art. 601. Should the ditch or canal be excavated in 
the vicinity of a wall po.ssessed in common, the observance 
of the foregoing distcnnce is not necessary ; but the party 
excavating the said ditch or canal shall be bound to con- 
stnict all such intermediate works as may be necessary 
for the protection of the wall. 

“Art. 602. Parties desirous of opening springs, of 
establishing heads or channels of discharge {cap}, od aste 
di fonte) for the same, of making canals or water-courses, 
of clearing, deepening, or ^'idening the beds, of increasing 
or diminishing the slopes, or varying the forms, shall be 
bound to observe such increased distances over and above 
that fixed in the jircccding article, and to execute such 
other works as may be considered necessary for the pro- 
tection of pre-existing springs, canals, or water-courses, 
dc.sigucd cither for tlic irrigation of land or the movement 
of machinery. 

“And in case of dispute between proprietors, the tri- 
bunals in deciding ought to aim at reconciling the respec- 
tive interests of the parties in the manner most just and 
equitable, having due regard to tlie rights of property, to 
the advantage of agriculture, and to the special uses to 
which the water may bo destined. And, further, in all 
cases ■where such proceedings may bo necessary, they 
ought to determine and decree, in favour of one or other 
party as may be right, that amount of compensation 
which may appear on grounds of justice and equity to bo 
fairly due.” 

In reviewing the results of experience in Northern 
Italy on the subject of protective distances in irrigation, 
we find that the ancient legislation of the Milanese pi'o- 
hibited the excavation of new cauals or spring-heads 
within about 66 feet, or 22 yards, of river's, and about 580 
feet, or 193^ yards, of pre-existing springs; that the 
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regulations of Verona fixed the same distance at 639 feet, 
or 213 yards ; those of Brescia at about 160 feet, or 53^ 
yards ; and those of Mantua at nearly 24 feet, or 8 yards. 
Notliing could illustrate more clearly than these numbers 
the impracticability of establishing any general rule for 
irrigated regions of large areas land varied physical struc- 
ture. The distances range from 8 to 213 yards, the 
extremes being found in the immediately adjoining pro- 
vinces of Verona and Mantua. In view of these facts, 
the legislative body of the kingdom of Italy, formed of 
rich landed proprietors, intelligent lawyers, and men of 
science, avoided introducing into the law of the 20th 
April 1804, any specific distances whatever for the pro- 
tection of rivers, canals, or springs, but prescribed that in 
each case the opinions of professional men, nominated by 
accord between the parties concerned, or in failure of this 
by the tribunals, should detennino the limits best suited 
to the localities, leaving the right of property in perfectly 
free action beyond these limits. Article 602 of the 
Sardinian code follows the same course in principle, with 
some dilfcreuccs in detail. In all cases whatsoever, the 
distance between a new and a pre-existing watei-course 
or spring must be at least equal to the depth of the 
latter, and the chaunol must either have its banks 
inclined at an angle of 45°, or protected by revetments of 
some kind. The upper edge of the bank nearest to the 
pre-existing water-course is the line whence the above 
distance is always to be measured. The right of property 
in water is farther protected by the prohibition, not only 
of new w'orks, but of any alterations in the conditions of 
old ones, any changes of slope or variations of fonn 
within distances, which in professional judgment might 
injuriously affect the volumes of existing canals or springs. 
The tiibunals have, however, authority to permit such 
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excavations or changes, in cases materially aflecting the 
interests of agriculture and industry, but on the condition 
that just and equitable compensation shall bo made for 
any injury they may cause to tho rights and properties of 
others. The absolute prohibition of the Lombard law is 
thus modified, with results which, 1 believe, have proved 
generally satisfactory ; at the same time it is to bo noted, 
that the uncertainty in which the question of protective 
distances has been left, is a cause of considerable dissatis- 
faction to the agricultural community. I quote the testi- 
mony of M. Giovauetti,'”'’ an excellent authority on this 
point. “ The course of lcgi.slation and the results of 
experience,” he remarks, “ bear witness in favour of our 
ax’ticlc, but 1 am bound at the same time to say, that the 
agi'iculturists desire greatly the establishment of a maxi- 
mum and minimum of distances to bo observed. They 
find it hard that they can scarcely strike a spade into 
their land without running the risk of being summoned 
before the courts, and forced to give security against 
possible damages. The proprietors of springs and canals 
are wearied to death by having to remain alway.s on the 
watch against the works undertaken by their neighbours, 
or of having to submit even to real injury, from the diffi- 
culty of obtaining clear evidence of it. 'fhey do not find 
an effective protection in the present state of the law. 
Everybody agrees on the imiu-opriety of excavating new 
sources of w'ater too near those already in existence, and 
that the distance equal to the depth of the former is not 
sufficient for the protection of the latter. But everybody 
equally agrees that, beyond a certain limit, the proprietor 
of the soil ought to have free liberty of action. Hence 
has arisen the idea of a maximum and a minimum of 
protective distance. Romagnosi lends the weight of his 

* Regime des Eaux ; para. 58. 
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approval to such a scheme. ‘ It is admitted,’ he remarks, 
‘ that the distance of about 20 metres (nearly 22 yards) is 
sufficient for the protection of rivers, and, in regions enjoy- 
ing a vast extent of irrigation, that 8 metres (say 0 yards) 
is held to he enough for springs and canals. Why should 
we not adojit these practical results as guides, until farther 
experiments convince us that they arc not to be depended 
upon^’ He states, however, that though these data may 
be presumed to rest on the foundation of a solid experi- 
ence, they do not command entire confidence. 

“Further experience, the evil clfccts of contradictory 
opinions on the part of the professional men employed, 
leading to heavy and useless expenses, and the observa- 
tions of many intelligent proprietors, and agriculturists, 
and of colleagues, whose intellects and doctrines I honour, 
have converted me to the opinion of Ilomagnosi. I 
cannot do better than avow it frankly, and counsel you 
to combine with our Article 602 the maximum and mini- 
mum of the philosopher of I’laisance.” 

1 1 is not without a little satisfaction that 1 quote the 
conclusion at which M. (liovanetti arrives, since in our 
humble attempts at legislation for irrigation in India, the 
principle of this maximum and minimum has been intro- 
duced, having been fixed at 20 yards for main canals, and 
10 for principal water-courses — ^limits suggested by the 
re.sult8 of our observations on the influence of absorption 
and percolation on the soil of our irrigated districts. 

As the ncco.ssavy complement to an effective system of 
irrigation, anangements for disposing of the drainage- 
waters connected with it are essential. It will, I believe, 

* Ilomagnosi wa-s born in ITGl, at a small village in the vicinity of Plaisanco. 
lie early coinnicnced the »itndy of law, for which his genins was remarkable. la 
ITflil, when con&oqucuUy only twenty-seven years of age, he published his great 
woik on the Legislation of Irriyation in Jtali/f to which I have already referred 
in Piut I. 
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bo found in most cases, and I know from experience it is 
especially so in Northern India, that imperfections of local 
di*ainagc, as connected not so much with the great topogra- 
phical features of the country as simply with irrigation it- 
self, within the limited areas it affects, arc more frequently 
the sources of malaria and injury to the land than any- 
thing else. To establish some just and equitable rules on 
this subject would bo of great interest and value ; and in 
illustration of the manner in which the question has been 
disposed of in I’icdmont, I will give the following articles 
of the Albcrtinc code. They arc from the chaj)tcr which 
treats of servitudes arising from the positions of places. 

“ Art. 551. Lower lands arc subject, as towards those 
which are higher, to receive all the Avaters which How 
naturally, and without the aid of artificial w’orks, from the 
latter. 

“ The proprietor of the lower land shall not raise any 
embankment whereby this escape may be interfered with. 

“ 'i'ho pro})i'ictor of the upper land shall refrain from 
doing any tiling whereby the servitude of the low-er may 
be aggravated. 

“ Art. 552. When the channels or embankments which 
serve to contain the Avaters Avithin an estate arc broken 
down or destroyed, or when variations in the course of 
the Avater render defensive works necessary, and the pro- 
prietor of the estate fails to restore the channels and 
embankments, or to construct the required Avorks, then 
those wlio shall suffer injury, or shall be in imminent 
danger of it, can cause the works to be executed at their 
own expense : they can avail themselves of this poAver, 
however, only on the condition that the proprietor of the 
land on which the works are to be constructed, shall suffer 
no damage ; they ought farther to receive beforehand 
the permission of the competent authority, to bo given 
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after the parties interested are all heard ; and also to 
conform in all cases to any special regulations which affect 
the managciucnt of the waters. 

“ Art. 553. The same rule shall apply when it is con- 
sidered desirable to destroy or remove any obstacle to the 
free escape of the waters, in the form of deposits or col- 
lections of other materials, within an estate, or in a 
private water-course, the existence of which threatens 
injury to adjoining lands. 

“ Art. 554. All the proprietors who have an interest in 
maintaining the cliannol and embankments, or removing 
the obstacles refen’ed to in the two preceding articles, 
may be called upon to boar their shares of the expense 
incurred, which shall be rated on each in proportion to 
the benefit he receives from the works. In every case 
the proprietors shall have the power of proceeding indivi- 
dually against the party or parties who may have caused 
the destruction or choking up of the channels referred to, 
for the amount of expense incurred, and for compensation 
for damages caused.” 

'Die want of some such rules as the preceding, in the 
irrigation system of India, is often bitterly felt. The 
free passage of water is in numerous localities interfered 
with by tlie existence of embatiked water-courses, which, 
crossing the natural slope of the country, intercept the 
drainage- waters, particularly during the season of 
periodic rain, forming, in consequence, on the upper side 
tracts of marsh and swuunp, injurious equally to health 
and property. Ft was, it is true, a general rule to insist 
on opening.s being made through the banks for the pas- 
sage of drainage-waters to the levels, where natural escape 
lines existed ; but this rule did not cany with it the 
weight of a public sanction by the government, and it was 
only respected when the canal officers could see them- 
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selves to its enforcement. In their absence I have known 
whole villages turn out to resist by force the passage of 
drainage-waters across their lands ; and not without some 
show of right, for the imperfect operation of the local 
system merely transferred the mischief from one spot to 
another, without insuring any radical cure. A compre- 
hensive and authoritative system of drainage in connec- 
tion with irrigation must be matured, and duly sanctioned 
by the government, before the existing evils can be wholly 
eradicated. The principles adopted in Northern Italy in 
this matter will be found suggestive ; and as there are no 
physical obstacles of importance to their a])plication in 
India, I trust they may receive such consideration as may 
ultimately lead to their being made use of, with, of course, 
the modifications I'cipiircd to adapt them to a different 
agi’icultural .system and i)eoplc. 

I may conclude this section by giving the articles of 
the code which regulate the extinction of servitudes con- 
nected with water : — 

“ Art. 673. The servitude is extinct if it has not been 
used for thirty years. 

“Art. 676. The existence of vestiges of works by 
which a derivation of water has been cflectcd, is not 
sufficient to interfere with the above prescription. To 
prevent its having effect, it is essential that the works 
connected with the derivation of the water or the channel 
itself should be maintained continuously in an elBcient 
and serviceable condition.” 

There are other terms on which servitudes become 
extinct ; but as they are the same as I have already 
quoted in Chapter I. of this Part, I need not repeat 
them here. 

It is of importance to the public interest that, while 
disputes regarding rights of water may be in progress 
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before tlic legal tribunals, some rules should be adopted 
for regulating the use of the water during the time 
required for a final settlement of the points at issue 
between the parties. In default of these, the water 
would be lost to agriculture ; and to prevent this injurious 
result, the Sardinian code establishes, in Art. 668, the 
following conditions ; — 

“ Art. 668. In all questions of summary possession, 
the practice of the preceding ycai‘, and if the servitude be 
exercised at intervals greater than one year, the iwactice 
of the latest period at which it was made use of, shall 
determine the j'ights and duties respectively of the party 
enjoying the servitude, and the 2 )arty by whom it is due, 
and of evei'y other party interested therein.” 


SECTION V. 

tiBSKR.VL AJBJU.NISTllATION AND rOl.IOE. 

The details I have ju'eviously given of the general 
administration and 2 )olico of canals of irrigation in Lom- 
bardy, will render it unnecessary for me to dwell at any 
groat length on like points connected with those of Pied- 
mont, since the princijdes are the same, and the methods 
of their ap])lication in practice not materially diftercut. 

I may first give some extracts from the regulation of 
the 29 th May 1817, by which the administration of the 
canals continues to be cfiTcctcd ; — 

“ Art. 3. All proprietors, ^lossessors, or cmidoyers of 
canals, supidicd by rivers and torrents, are forbidden to 
c.xccutc any works in the beds of the latter without the 
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sanction of the authorities, under penalty of a fine not 
less than 10, and not greater than 100 lire., (from about 
8s. to £4,) in addition to the cxjiensc of replacing things 
in their original state, and of compensation for any 
damages which may have been caused to other parties. 

“ 4. Proprietors, possessors, or employers of canals 
obtaining their supplies by means of fi.\:cd dams, arc 
bound to maintain the positions and forms of these 
unaltered, to avoid raising their sills, or e.vteuding them 
farther across the beds of the rivers. 

“ 5. When the supplies arc obtained by means of 
temporary dams, made so as to be easily removed in 
times of flood, it is forbidden to render sucli works per- 
manent, or to reconstruct them with heights, or in posi- 
tions diflferent to those previously in use.” 

G. Merely repeats the above. 

“7. It is forbidden to proprietors, &c., of canals, sup- 
])licd cither by permanent or temporary dams, to make 
any c.xcavations in the beds of the rivers, whereby the 
supply would bo unfairly augmented. 

“ 8. I’artics violating the foregoing provisions shall be 
bound to restore things to their former state, and shall, in 
addition, be subject to a fine not less than lOi), or gi'catcr 
than 300 lire (from €4 to £12) for each offence. 

“9. When changes in the condition of the streams 
may render alterations of dams or additional channels of 
supply necessary, the sanction of the sujierior authorities 
must be applied for. 

“ 10. In such cases the claimant must lay before the 
inteudant of his province a regular plan of the proposed 
works, prepared by a hydraulic engineer, and sliowing 
the part of the river and adjacent lands which will bo 
affected by them, as also the different levels of the same.” 

Arts. 11. to 13. In.struct the intendant to visit the 
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spot, or to ascertain, througli the agency of the government 
engineer of the province, that no injury to any one -ffill 
result from tlie execution of the proposed works. All 
parties in the same, or in other provinces or districts, 
whose intei'ests may be aflocted by the works, are to be 
heard for or against them, as may be. 

“ 14. When, from unCoresccu causes, want of water may 
arise, the proprietors, &c. of canals arc authorised, in the 
event of urgency, to take measures to obviate the same, 
reporting their proceedings to the inteiidant of the pro- 
vince, wlio will cause tlio works to be inspected ; and if 
they arc found to be in-ogularly constructed, or likely to 
cause injury to others, will have them removed or altered 
as may be expedient. 

“ 15. When changes in the courses of the streams 
render works nccessai-y, the matter shall be rolerred to the 
agency-general of finance ; and the intcndant-general, 
having obtained the opinion of the permanent Congress, {of 
Roads and Waters,) will order the necessary proceedings. 

“ 16. The proprietors, &c. of canals arc bound to main- 
tain all the works in an eflicient state, and arc personally 
responsible for any damages to others arising from their 
neglect. 

“ They are also bound to provide for the free escape of 
surplus-vvater in time of flood, under penalty of a fine 
varying from 10 to 100 lire, in addition to giving compen- 
sation for damages.” 

17. 18. Extend the above. 

“ 10. Syphons for the passage of waters belonging to 
private parties beneath the beds of streams, shall be main- 
tained unaltered by their proprietor; and they are for- 
bidden to execute any works connected with them, which 
might contract the sections or raise the beds of the rivers, 
under pain of a fine not less than 30, or greater than 150 
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lire, in addition to the e.\ponse of restoring things to their 
original state.'"’ 

20. to 24. Prescriho conditions to proprietors of 
sjphons under streams, binding them to permit these to 
be altei’ed, as the government engineer may consider neces- 
sary, with reference to the protection of tlie public rivers. 

The next administrative regulation which contains 
points-of interest bears date the 10th of September 1836 ; 
and from this a few characteristic e.xtracts may now be 
given. 

“ Reoulation for the Administration of the Royal 
Canals of Irrigation. 

“ CliAiT’Ett I . — Of the- Maintcnanci' of the Cwnah. 

“ Art. 1. All the royal canals of the kingdom are sub- 
jected to the present regulation. 

“ 2. The general control of the royal canals is vested 
in the agency-general of finance, the executive duties being 
performed by engineers and guards appointed by it. 

“ The latter, with the guards appointed by the farmer 
of the canal revenues, shall take an oath of fidelity in pre- 
sence of the judges of their respective districts. 

“ 3. The engineers and guards are charged to prevent 
all injuries to the waters, works, and employers of the 
canals. 

“ 4. The articles of the regulation of the 29th of May 
1817 are maintained in full force. 

“ 5. No one, unprovided with a legal grant or title, can 
make any use whatever of the canals ; and any interfer- 
ence with the free course of the waters, in the main chan- 
nels or branches thereof, is forbidden. Violations of any 
part of this article shall be punished by a fine of from 50 
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to 150 lire (from ,£2 to £6) for each offence, in addition 
to compensation for damages. 

“ 6, Parties having a legal grant of water, but taking 
more than the quantity they arc entitled to, or using it at 
a different hour from that specified in the agreement 
among the employers of a common channel, or violating in 
any other way the terms of their grants or agreements, 
shall be subject to a fine of from .50 to 100 lire, (£2 to 
£4,) in addition to compensation for damages. 

“ 7. Whoever shall raise or lower the gates of the out- 
lets or escapes, alter, break, or deface the chambers of the 
works of measurement, force the locks of the same, or 
change their dimensions, shall incur a fine of from 150 to 
.300 lire, (£G to £12,) in addition to the amount payable 
for damages. 

“ Wlien the offence is ]icrpctratcd on crown property, 
the pecuniary fine shall be accompanied by imprisonment 
for a period varying from one to six months. 

" 8. Employers of the canals shall maintain their irri- 
gation outlets and channels in the forms prescribed by 
their grant.s, under a penally of from 50 to 100 lire. 

“ 9. The water flowing from iri’igated lands, commonly 
called coU, {coluinre,) shall be pci'inittcd to cuter the 
canals freely, c.xccpt when special agreements to the con- 
trary have been entered into, under a penalty of from 50 
to 100 lire, in addition to the ])ricc of the waters inter- 
cepted. 

“10. J t is forbidden to fish in the canals, or to exca- 
vate sand from them, or to use boats on them at any time, 
under a penalty of from 10 to 30 lire. 

“ 11. The agency-general of finance may permit fishing, 
navigation, or excavation of sand, having firet procured 
the opinions of the engineer and the director of the 
domain.” 
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“ Such permission ought to indicate clearly the portion 
of the canal to which it applies ; it can be gi’anted only 
for a period of not longer than one year, and is null and 
void imless registered by the grantee at the office of the 
direction of the domain, and of the local secretariat of 
the province. 

“12. It is forbidden to establish, without the authority 
of the agency, bridges, fords, or ferries, and also to cross 
the canals, cither on foot or with cattle, under a penalty 
of 10 lire, in addition to the expense of destroying works 
executed in contravention of this article.” 

13. llepcats the above. 

“ ] 4. Whoever takes possession of land along the canals 
which belong to the royal domain, removes the land- 
marks, makes excavations, carries away the produce of the 
plantations, or traverses the banks with cattle, carts, or 
conveyances of any kind, shall incur a fine of from 5 to 
10 lire for each offence, in addition to the repair of any 
damages which may be caused, oi‘ to the cost of the things 
carried away. 

“1.'). The possessors of land fronting or adjacent to 
the canals arc forbidden to open new springs, to excavate 
ditches, to form ponds, water-courses, or channels of any 
kind, within a distance of 200 metres (nearly 220 yards) 
from the said canals, except in such cases as may be spe- 
cially decided upon by the engineers, who will then fi.x 
such distances as may seem to them sufficient to prevent 
any leakage of the waters of the canals into the works 
referred to. 

“ It is also forbidden to the aforesaid possessors of land 
to plant trees within a distance of 3 metres (about 3i 
yards) from the boundaries of the canals. lufriugcmeuts 
of this article shall be punished by a fine of 10 lire. 

“16. It is forbidden to cut the trees on the canal 
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banks, or to carry away the pruniugs of the same, under 
penalty of a fine equal to double the value of the trees or 
prunings. 

“ If the trees cut and carried away shall exceed the 
value of 25 lire, (about £l,) the offender shall be im- 
prisoned for not loss than one month, in addition to 
paying the tine as above. 

“ 17. Parties acquiring by legitimate titles any right 
to the plantations along the canals, shall not be allow'ed 
to cut or prune them except at the times and to the 
extent specified by the engineers in charge. 

“ 18. All parties are forbidden to pasture cattle on the 
banks of the canals at any period of the year, under a 
penalty of from 1 to 3 lire for each animal.” 

The second chapter of the regulation, from ivhich the 
preceding articles have been quoted, is occupied entirely 
with details of the legal measures to be followed in pro- 
secuting oflenders. They are of no interest to us, being 
purely local in their character. 

Tlie agency-general of finance published, under date 
the 30th September 1838, a very elaborate scries of in- 
structions for the guidance of all the officers connected 
with the royal domain in its various branches — for the 
officers of the canals among others. An abstract of these 
will give a good idea of the organisation of the personal 
establishments of the canals ; and I give it here, freed, 
however, from a number of petty details, which can be 
of very little use to any one. 

In section first, the duties of the director of the canals 
are defined, lie lias the general control of the executive 
department ; the engineer-inspectors, and assistants in 
charge of the different canals receive all their orders from 
him, and through him they communicate with the agency- 
general of finance. 
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Art. 591 of the instructions is to the following effect; — 
“ The charge of the royal canals is vested under the 
superintendence of the Financial Department, in a director, 
engineer-inspectors, assistants, and guards.” The subse- 
quent twenty-five articles detail the duties of the first- 
mentioned of tlicse officers. Ho settles all matters con- 
nected with the works, the plantations, tlie revenues, and 
the lands belonging to the can.ils, except when special pro- 
visions are made to the contrary. Uc is vested with 
power to proceed against all parties who have taken ille- 
gitimate possession of tlie canal waters, or, having legiti- 
mate rights to these, liave improperly extended the same ; 
he also enforces the police regulations for the protection 
of the works of the canals. All i>rojects for works pre- 
pared by the various cngineer-inspectoi’s are first submitted 
to him, and, after examination and approval, arc trans- 
mitted by him for the consideration of the financial 
department. Projects for new works must be forwarded 
at the beginning of August, and those for the ordinary 
repairs of the canals not later than the end of September 
of each year, so as to admit of their being duly sanctioned 
and executed before the commencement of the season of 
iiTigation, The director’s report on any project is inva- 
riably to be accompanied by a nominal roll of the execu- 
tive engineers and assistants to whom the works are to be 
intrusted, and the qualifications of the individuals are to 
be carefully noted. On receiving the specifications and 
estimates for works duly approved of by the Agency, the 
director furnishes copies of these to the engineer-inspector 
in charge, who advertises for contractors to execute them, 
it being absolutely prohibited, except under circumstances 
of pressing necessity, to construct any works by daily 
labour. The plans and estimates being once approved of 
by the Agency, the director is bound to take care that no 
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changes arc introduced witliout revised plans and estimates 
having first been submitted. Art. 604 enjoins the director 
to take every opportunity of inducing parties to regulate 
their outlets, and to introduce a uniformity of distributing 
and measuring airangemcnts throughout the canals. 

Art. 607 recpiircs the director to submit annually to 
the agency of finance a detailed report on the canals, 
embracing the following particulars : — 

1st, The quantity and quality of trees and underwood 
in the caual plantations ready for cutting, with a state- 
ment of the probable c.\pcnsc I'cquircd to keep the plan* 
tations in good order. 

2d, The condition of the various works, with suggestions 
for their iinprovement or extension. 

3d, The volume of water in each canal, and the means 
of increasing the same for the benefit of agriculture. 

4th, The number, positions, volumes, and state of all 
the existing outlets of irrigation, whether from the main 
lines of caual or from secondary branches, distinguishing 
those held under perpetual gi’ants from such as are held 
by leases ; the dates of the deeds of gi’ant or leases, the 
amount of rent due, the districts in which the irrigated 
lands arc situated, and their area, at least by approxima- 
tion, if actual measurement cannot be made. When the 
director lias once prepared this report with all possible 
exactitude, he is permitted by Article 609 to limit his sub- 
sequeut annual reports to a notice of the variations which 
may have been made in its details during the year to 
which he may be referring. 

Articles 610, 611, and 612, refer to the collection of 
sums due to the royal treasury, and to the employment ■ 
ol such mills or manufactories as arc Avorked on account 
of the State. The director is enjoined to take care that 
the latter are rented to substantial tenants at fair rents. 
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an<l that they arc maiiitaiucd in constant work. When 
important matters may require his presence, the director 
is instructed by Article G13 to proceed at once to the 
spot, and to direct the proceedings in person. Articles 
614 to 618 arc devoted to details of the organisation of 
the director’s office, to the manner of keeping the accounts 
and records of all kinds lodged there, and to other minor 
points which possess no special iiitere.st. 

The second section of the instructions is occupied with 
details of the duties of the engineer-inspectors and their 
subordinates. Article 61.0 states that the engineer- 
inspectors, assistants, and guard.s, arc under the oi'dcrs 
of the director ; they rank with cacli other in the order 
of their respective grades, and they will I'csidc in the 
places specified in their brevets of destination. The 
engineer-inspectors are enjoined in Article 620 to main- 
tain a constant correspondence with the director on all 
points connected with their duties, and to conirannicato 
directly Avith the agency only in ease of extrcino ui’gency. 
When such communications are made, information of 
them must at the same time be sent to the director. 
The engineer-inspectors arc required by Article 621 to 
inspect every part of the canals under their charge, twice 
a-year at least ; viz., 1st, at the time when tlie annual esti- 
mate for the ordinary repairs is being framed ; and, 2d, 
when the.se repairs are in process of execution. If circum- 
stances render it necessary, visits at intermediate times 
are to be made, and all projects for new Avorks are to be 
transmitted to the director before the end of July of each 
year. Estimates for annual repairs must be submitted 
during the first fifteen days of September. Articles 626 
to 62.9 prescribe rules for the preparation of plans, speci- 
fications, and estimates, which need not be detailed, as 
they arc in no Avay remarkable. 
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Article 630 is to the following effect : — 

“All iiTigatioii outlets, large or small, (bocche e boc- 
cheiti,) shall be maiutained iu an efficient state, at the 
sole charge of the individuals or communities using them. 

“ In all cases, however, where neglect or delay in exe- 
cuting repairs to these w'orks appears likely to influence 
their discharges, the engineer-inspectors are enjoined to 
annex to tlieir annual estimate a statement for each 
separate canal, indicating the extent and probable cost of 
the repairs required by the outlets referred to. If the 
proprietors of these should refuse to execute the works 
rcqiiij-ed, the engineers arc authorised to do so, on the 
terms of the estimate framed by them, and the amount 
shall be recovered from the employers.” 

Article 631 forbids the executive officers to allow any 
alteration of the dimensions of outlets, without the order 
iu writing of tlie agency or the director. 

Articles 632 to 636 ])rescribe rules for contracts, for 
survey reports, and measurements on the completion of 
works, for weekly reports of progress, and other matters 
of detail common to all public departments. The guards 
are required by Article 637 to devote their entire time to 
their duties, but they ai’e not to be employed beyond their 
OW'D districts. 

Powers to proceed to the summary execution of 
repairs or works in emergent cases are vested in the 
engineers by Articles 638 to 642, and instructions regard- 
ing the documents to be submitted to the agency, on the 
completion of such works, are given. The engineer- 
inspectors and assistants are required to keep journals of 
work done by them, which are to be forwarded monthly 
to the director, and by him to the agency. Article 650 
formally prohibits the engineers or their assistants from 
undertaking w'orks for private individuals, on pain of 
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dismissal from the service ; and in tlio last article of the 
series, it is ordered that they shall obtain the sanction of 
the agency before accepting of any commissions for works 
either from communal or other public bodies. 

The preceding summary of a very long document will 
sufiice to show the general organisation of the canal 
department in 1‘iedmont. The duties of the different 
members of the jiersonal establishment arc very much 
the same, so far as tlic works arc concerned, as on our 
own canals of irrigation in India. The superintendents 
of the latter, however, have revenue and police, as well 
as executive duties, intrusted to them ; and I haA^e al- 
rcJidy expressed niy opinion, that this system has pro- 
duced better results than the disjointed plan adopted in 
Northern Italy. 

As regards the administration and police of private 
canals, I have Acry little to say. When the canals are 
the property of associations, they are governed by repre- 
sentative councils, elected, as in Ijombard)’, from the main 
body of the employers. Each council has its own regu- 
lations, sanctioned by the administrative authority, and 
adapted to the circumstance.s of each locality. They 
conform in principle to the rules for the [mblic canals, 
and present no features of special interest. When canals 
belong to individuals under ancient grants, the adminis- 
tration is conducted by them under the same checks as 
for associations. The legislatioji of irrigation is now so 
complete in Piedmont, that infringements of the respec- 
tive rights of employers and proprietors of the waters are 
duly provided for ; and to perfect the vievv of the pro- 
tection afforded to these, I may give, before quitting the 
present subject, those provisions of the penal code of Sar- 
dinia, which have for their end the punishment 'of crimes 
against property in water, or works connected therewith. 
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Extp.acts fi-ora the Sardinian Penal Code. 

“Art. 711. Wlioever shall have voluntarily clestroyeil, 
cut, or broken through the dikes or embankments con- 
structed for defence against the rivers, streams, or tor- 
rents, and shall have caused thereby an inundation, in 
which one person has perished, shall be punished by 
death. If, however, this peraon has perished under cir- 
cumstances which the offender could not possibly foresee, 
the punishment shall be that of hard labour for life. 

“In every other case tlie punishment shall be forced 
labour for certain periods, or, in lieu thereof, separate 
confinement for seven years at least. 

“Art. 712. If the destniction or rupture of the dikes 
and embankments, or like works alluded to above, shall 
be attributable to a simple fault, the punishment shall be 
that of imprisonment. 

“ Art. 713. As regards other breaches or injuries done 
or caused to dikes, embankments, bridges, hydraulic 
buildings, or other works of art, including such as belong 
to private parties, the punishment shall be that of sepa- 
rate confinement. The tnbnnals may, however, in consi- 
deration of the circumstances and the nature of the inju- 
ries, substitute for tlie preceding the punishment of simple 
imprisonment. 

“Art. 71 S. Every individual who, without right, or by 
means other than those above indicated, shall voluntarily 
cause waste, damage, or deterioration on the lands of 
others, ..... 

whether by levelling or filling up ditches or canals, shall 
be subject to the penalties specified below. 

“ If the damage done shall exceed the value of 100 
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lire, (about £4,) the punishment shall be tlivcc months’ 
imprisonment at least. 

" If it docs not exceed this value, the punishment shall 
also be imprisonment, of which the period may be extended 
to six months. 

“ In the two cases referred to above, the tribunals may 
add to the imprisonment a fine, which shall in no case be 
loss than one-half, or gi'cater than twice the amount of 
the damage done. 

“ Art. 723. lie who, without title, and without right, 
shall take water, or cause it to be taken from any reservoir, 
or from rivers, streams, torrents, rivulets, springs, canals, 
or water-courses, and shall appropriate it to any use 
whatever ; 

“ lie who, to the same cud, shall break, or cause to be 
broken, the dikes, dams, sluices, or other like works, exist- 
ing along the rivers, streams, torrents, rivulets, springs, 
canals, or water-courses ; 

“ lie who shall hinder in any way the exercise of rights 
which other parties may have acquired to the said waters ; 

“ He w'ho, linally, shall usurp any right whatever on the 
sources of water referred to above, or .shall trouble .an}' one 
in the enjoyment of the legitimate possession he may have 
acquired, 

“ Shall be punished by imprisonment, the period of which 
may extend to one year — and by fine, the amount of 
which may be carried to 500 lire, (nearly £20.) 

“ The tribunals have the power of inflicting separately 
one or other of these punishments. 

“ Art. 724. If individuals possessing a right to obtain 
or use water shall fraudulently cause their outlets, dams, 
or channels, to be constructed in forms different to those 
agreed upon, or having capacities of supply greater than 
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those to wliich they liavc right, sliall be punished as guilty 
of abstraction of ■water. 

“ Art. 725. The proprietors, farmers, or other employ- 
ers, who, in using their legitimately acrpiired rights to 
water, shall cause it to overflow the roads or lands belong- 
ing to others, shall be punished by a fitie, which shall not 
exceed one-fourth of the amount of the damage done. 

“ Art. 726. If the crinms contemplated in the present 
chapter shall be committed by the guardians of woods 
and waters, or by any other ])ublic agents, whose duty it 
is to check or yu'cvent them, the punishment of imprison- 
ment, when inflicted, shall exceed by one month at least, 
and at most, by one-third of its duration, the heaviest 
penalty inflicted on individuals not public agents, who 
may have been guilty of the same crime, provided always 
that the maximum of punishment fixed for the said crime 
shall not be exceeded.” 

It will be remembered that in all cases of injuries done 
to the rights or the works connected with irrigation, the 
civil code has granted the power of proceeding for com- 
pousaliou against the parties to whom such injuries may 
be attributable. The penal code provides for the cases in 
which fraudulent intent, malice, or criminal neglect are 
involved. Water in irrigating countries is, in truth, one 
of the most valuable articles of property a man can pos- 
sess. It i.s just as great an injury to him to steal his 
water, as to steal his money or goods ; and the one ought 
certainly to be not less carefully pi'otected than the other. 

There is great room for improvement in the depart- 
ment of penal legislation on the canals of Northern India ; 
and the details now given will, I venture to hope, lead 
to a consideration of the subject. 
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SAIS ITARY t.lXnsLATIOX. 

During my residence in Turin at the bcgliuiirig of the 
present year, the senate of Sardinia vas occupied in dis- 
cussing tlm project of a law for the regulation of rice- 
cultivation in its relations to tlie jnihlic lieallli. I fol- 
lowed the debates with much interest, and u^as glad to 
find that reasonable and practical views of tlic question 
were generally takon. By the kindness of Chevalier 
Marionij inteiidant-geiieral of finance., I was suj)plicd with 
a copy of the report ''* of the commission of the senate 
appoijitod to examine tlic project ; and as this gives an 
interesting liistorical summary of the sanitary legislation 
of Piedmont, T cannot do better than borrow from it some 
of its more important details. 

In their introductory remarks, the commission take a 
sound view of the foundatious on whicli any legislation 
on such a question as the present sliould rest. “ A good 
law on tlic culture of rice,” they observe, “ which, wliile it 
respects the rights of property, and promotes the interests 
of agriculture and commerce, .shall prove a safeguard to 
the public health — a law sucli as the nation desires and 
the government would wisli to present lo jiarliament, so 
as to terminate at once and for ever the evils and uncer- 
tainties growing out of the existing state of our legislation — 
cannot possibly bo prepared without a collection of statis- 


* " Relazionc dclV Ufficio Ccutrale composto clei Sonatori Moria, Marioni, 
Guilio, do Cardonas, Cotta sul progetto di leggo provvisoria Kisaie,” dated 
20tb February 18.51. 
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tical facts far more extensive and accurate than any we 
now possess. It is from these alone that the principles 
of such a law can be deduced M'ith confidence, that the 
means of enforcing its provisions can be ascertained, and 
that tlic necessities which justify it can be made apparent 
not only to the legislature but to the proprictora, on 
whom it imposes restraints and cautions, and to the popu- 
lation whoso means of sidisistenco and health it peculiarly 
affects. To attempt final and definitive legislation in the 
present state of our knowledge, would be to give way to 
an inconsiderate and ill-informed desire for iinprovcinout, 
and would derange established customs by the substitu- 
tion of others having no true elements of stability, and 
destined after the lapse of a few' years to be replaced by 
the results of longer experience and larger knowledge. 

“ A vast cpiantity of writing and speaking has boon 
expended on the question of the insalubrity of rice culti- 
vation. But the argument is wide in its extent and 
varied in its relations, and the parties who have discussed 
it have hitherto concerned themselves less in the careful 
collection and examination of wcll-asccrtaincd facts, than 
in the development of preconceived opinions and popular 
prejudices. Ifcnce it is really impossible to satisfy the 
public mind, by a clear definition of the true conditions 
by which the evils accompanying the cidture of rice are 
influenced, or to point out the means wlicreby the law 
could best eradicate, or at any rate diminish, the intensity 
of such evils.” 

From these views of the commission I believe no one 
will be disposed to dissent. If rice cultivation is to be 
interfered with at all, it is only just to all parties con- 
cerned that the interference should be an intelligent one, 
based on facts honestly obtained, and interpreted as 
clearly as our present knowledge will pemit. As this 
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cannot be tlie case in I-'icdmont, the existing legislation is 
purely provisional. 

The earliest important act of sanitary legislation dates 
from the close of the year 1608, when Carlo Emanuel I., 
duke of Savoy, prohibited the sowing of rice in any part 
of the kingdom, except by license under his sign-manual, 
scaled with the great seal, sanctioned by tlic chamber of 
accounts, and adverting especially to the following con- 
ditions, — ^viz., that the land should be uusuited for any 
other fomi of cultivation ; that it should be at a distance 
of 4^ English miles from any town or village, and 650 
yards from any road ; that the license had been granted 
with the consent of two-thirds of the heads of families in 
the commune, and with the engagement on the pai't of 
the holder to secure perfect drainage for the water, and 
to maintain the necessary number of bridges for cross- 
communication. The duke foresaw the storm that would 
arise from the enforcement of his orders, and, as tliough 
distrusting his poM’cr to withstand it, he declared that 
licenses gi'auted in terms contrary to those just established 
w’cre i^so facto null and void, though given by himself, 
and containing clauses specially permitting the infringe- 
ments. These precautions, however, met with little success. 
“ Complaints rained down upon him,” says the reporter 
of the commission, and the duke handed them all over to 
the chamber of accounts, under whoso auspices the grant- 
ing of licenses for rice-culture became before long an 
important soixrce of revenue. Tlie payment at first was 
a tenth part of the gross produce, but this was subse- 
quently commuted in 1621 to a tax of one ducat (nearly 
os.) per (jiomata, which is very nearly equal to an Eng- 
lish acre. It might have been expected that a burden so 
considerable on the land under rice would have checked 
the extension of the cailturc ; but neither this nor the 
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renewal, at various times during the course of the seren- 
teeuth century, of the diftercut provisions of the act of 
1608, seems to have had any decided effect. The culti- 
vation continued to spread, and by the middle of the 
century had become firmly established iu the provinces of 
Vcrcelli and lliella, the districts of Borgaro, Legni, 
Cumiana, Orbassano, Rivolta, Piossasco, and Parpaglia, 
with a number of others specified by the commission. 

In the hope, perhaps, of obtaining more by asking less, 
the edict of the 21st March 1663 limited the protective 
zone to 4^ miles round Turin only, to 3 miles round 
V^ercelli, to 000 yards from other inhabited places, to 30 
yards from houses, and to 75 on each side of the public 
roads. Very soon atlorwards, however, the law returned 
to its ancient severity, and on the 28th April 1667, rice- 
culture in the districts of Borgaro, Settinio, Legni, 
Caselli, and Volpiano, was absolutely forbidden — the 
chamber of accounts, however, retaining the power of 
granting special licenses. Two years later the chamber 
received peremptory orders to destroy all rice-culture 
wherever they thought it mischievous. During the course 
of the succeeding year (1669) the war against the unlucky 
rice-proprietors waxed faster and more furious. The 
protective zone round Turin was increased to neai’ly 14 
English miles! all rice-lands established since 1660 were 
doomed to destruction throughout the whole kingdom, 
with exceptions in favour of those parties who had rigidly 
observed the conditions of the edict of 1608 ; lands under 
rice, but within a distance of 3 English miles of towns or 
walled places, and of 1^ miles from any inhabited places, 
were also to be otherwise employed ; and no rice-culture 
Avas to be established in localities Avhere perfect drainage 
did not exist — that is, in marshes or like tracts of country; 
and, finally, the proprietors were ordered to renew annually 
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tbeir registered obligatious to insure tbe free flow of the 
water, and to maintain the drainage and other works 
in an efficient condition. The result of these severe 
measures was the gradual diminution and ultimate extinc- 
tion of ricc-cultivation in a considerable portion of the 
upper disti’icts of Piedmont. But in the special region 
of irrigation in the province of Vercelli, no prohibitory 
enactments could check the progi’ess of the culture. In 
1697, Vittorio Amadeo 11. issued an edict under date 
the 20th of January, forbidding rice-lands within 9 Eng- 
lish miles of the towns in this region. The chamber of 
accounts remonstrated vigoi’ously against this order. 
They represented to the duke that the natural sterility 
of the soil e.x.ccpt for rice-culturc, the miml)ers of springs, 
the marshy nature of the localities, the want of capital, 
the scanty population, the character of the proprietors of 
the rice-lands, would present serious and probably insuper- 
able obstacles to the execution of his edict, and they 
recommended the modification of its terms. Their advice, 
however, was neglected, and the law remained in force 
until 1728, Avhen it was again modified. The conditions 
at this time attached to the culture were the following : — 
Ail rice-lands established after the year 1710 u'ere to be 
destroyed or applied to other u.ses, and no new cultivation 
was to be undertaken except in the districts specified in 
the edict. The legal distances were established as 
follow : — 


From the city of Vercelli, 
From the towns, 

From farm- buildings, 

From royal and public roads. 


6^ miles. 
*j00 yards, 
30 „ 


75 




It is wearisome to trace the pei’petual fluctuations of 
this most variable legislation. A single year had not 
elapsed before the king again introduced new rules. He 
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absolutely prohibited the culture in some fitlteeu or twenty 
districts of the provinces of Biella and Vercelli, which 
vvere in every way well adapted for it. Of course, the 
orders were treated with neglect, and in 1733 it was 
found necessary to depute a commission of professional 
men to examine the objections expressed on all sides to 
them. In the following year the terms were rendered 
less severe, the protective zone round Vercelli being 
reduced to 4^ miles in breadth, and for other places to 
600 yards, while special licenses were granted in great 
numbers. 

The state of the question in the Lumellina and the 
province of Novara, wliere rice-culture early took root, 
may now be noticed. 

In the Lumellina, the supreme magistracy of the pro- 
vince established by an edict, under date the 25th October 
1713, the following protective distances : — 


For the town ol* Mortara, 

For towiiH coiitaiuiiiK more than 100 hoiisosiji 
For places having r>0 houses, 

J'^or any separate buihliug, . 

For roj al roatls, .... 

For main ruiuls, .... 


1 hOO yards. 
4.^)0 „ 

200 „ 

100 „ 


The same edict forbids rice-culture in mai’shy localities, 
where free drainage docs not exist. 

Fourteen years afterwards, the intendant-general of 
Alessandria and the Lumellina fixed the legal distance at 
600 yards for all places indiscriminately; but as the 
enforcement of this order was found to bo perfectly im- 
practicable, from the universal resistance offered to it by 
the agricultural community, a new edict, under date the 
25th April 1728, established a specific distance for each 
inhabited place throughout the province, dependent on 
local peculiarities. These distances varied from 600 to 50 
yards, according to circumstances. It was ordered that 
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the legal distances should be marked for each place by 
four boundary pillars at the cardinal points ; and power 
w'as given to tho inhabitants to prevent rice-culture, 
even beyond these limits, if more than two-thirds of the 
heads of families , should object to it. These would 
seem to be the latest regulations specially applicable to 
tho Lumelliua. 

The earliest provisions for tl>e province of Novara are 
supplied by the edict of 1G82, confirmed in 1708 by 
Prince lilugenc, then governor of the ducliy of Milan, (to 
which Novara was at the time attached,) and maintained 
in vigour when the possessions of the house of Savoy w'erc 
extended to the riglit bank of tlic Ticino. By the 
edict Inferred to, the protective distances wore fixed as 
follows : — 

For tho lovvu of Xovarii, .... ‘20 *b 0 ysmls. 

For Jifiviiig at least 100 lioiiscs, . . .‘125 „ 

l'\»r places having at least 50 Iiousc.s, ... 1 50 „ 

For smaller plact?.^ overy separate and iiiliabitod liouso, 2.5 „ 

The last acts against the extension of rice, prior to the 
establishment of the dominion of the French, were the 
patents of the 3d August 1792, and the 25th January 
1793, by which the introduction of new rice-lands into the 
provinces of Novara, V'^igevauo, Lumcllina, Vercclli, Biella, 
and Casalc was prohibited, while the proprietors of exist- 
ing rice-lands were re(piired to present their licenses for 
examination within three months, and to furnish details 
regarding tho position, the area, and the distance from 
inhabited places and roads, of their respective properties. 

Very soon afterw'ards, some of the most important of 
the provinces just mentioned were attached to the Cisal- 
pine Kepublic (subsequently the kingdom of Italy,) of 
which the Sesia was made the boundary on the westward. 
Hence the Lombard legislation, to w’hich I have pro- 
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viously referred, became temporarily applicable to them. 
The sanitaiy law of the 9th February 1809 regulated 
rice- cultivation till 1814, when the King Vittorio 
Emanuel I., on the old boundaries of the kingdom being 
restored, rc-cstabiislied in full force the patent of 1792. 
As the cultivation, however, had continued to extend 
during the interval, it w’as found necessary to sanction the 
continuance thereof in all places w’hcre, according to the 
judgment of professional men, the land was unfitted for 
other use, or where the existence of rice could not affect 
prejudicially the public health. In ISIS, a special com- 
mission was organised to examine the entire question. 
The first act of tliia body wsus to grant its sanction, under 
date the 10th of June 181 5, to all rice-lands actually exist- 
ing at that period ; maintaining, however, the protective 
distances round the towns established by tlic ancient legis- 
lation. It must, however, be noted that the observance 
of the letter of the law was very imperfect, for in all 
cases where a certificate from qualified professional men 
was granted to proprietors in favour of their rice-lands, 
the commission at once sanctioned their establishment. In 
1828, a tabular statement of tlie rice-lands of the king- 
dom was prepared, showing their areas, positions, and 
distances from inhabited places?, but no special measures 
seem to have followed ; and in 1835 the commission was 
abolished, its functions being tra>isfen-ed, first, to the 
magistracy of health in Turin, and subsequently, in 1838, 
to the similar tribunal of Casale. From that time for- 
ward, up to 1851, I do not find any legislative acts 
affecting irrigation. 

The commission of tlie senate remarks on the preceding 
summary, “ Three conclusions appear to us to be clearly 
deducible from the rapid review Just given of the laws 
affecting rice-cultivation, which have grown up among us 
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during the course of two centuries and a lialf. First, 
that the sole remedy against the insalubrity of rice irriga- 
tion, which has been thought of and applied in practice, has 
been to keep it at a distance from inhabited places ; but 
that the limit of this distance has been increased or dimi- 
nished in a manner wholly arbitrary, and without reference 
to any theoretical principles or experimental results which 
warranted the terms selected. We say this was the sole 
remedy, because, although the laws ordain that free passage 
shall always be insured for the water, no specific plans for 
drainage were either .suggested or enforced ; and the dis- 
tricts where rice-cultivation prevails, remain still unprovided 
with this important means of securing their .salubrity. 

“ The second inference, which appears to the commission 
no less clear than the first, is, that a remedy which has 
been altered incessantly, and at brief intervals, cannot be 
regarded as a successful one, since it must have fiyled to 
produce the results anticipated from it by those who tried 
it in various fornus. 

“ Thirdly, it is clear that, throughout the entire progress 
of our legislation, it has always been found necessary, in 
endeavouring to limit the extension of rice irrigation, to 
respect the interests w'hich had grown up even in spite of 
the laws, and to sanction the continuance of the culture 
in places where it had been established for considerable 
periods. Illustrations of this necessity are given especially 
by the edicts of 1728, 1792, and 180.0; and when the 
contrary courae has been adopted, as in 1674, 1697, 
1729, and 1815, the discontents and difficulties created 
have been such as invariably to force the government to 
modify its orders, and to admit so many exceptions, as, in 
point of fact, rendered the laws nearly inoperative. 

“ If, therefore, the ancient laws do not supply examples 
of successful remedies which we can imitate— if, farther, 
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the facts on which a definitive law could be founded so as 
to secure the confidence and respect of all parties con- 
cerned, do not at this present moment exist, the commis- 
sion is of opinion that measures should be taken to col- 
lect such facts, and that all attempts at definitive legis- 
lation should be deferred until this preliminary inquiry 
has been satisfactorily completed. 

“ On the other hand, the commission is distinctly of 
opinion that certain conditions should bo attached to the 
formation of new rice-lands ; and, pending the collection 
of facts on which a definitive law can be based, they 
think that a temporary measure may properly be sanc- 
tioned. They, therefore, recommend that the project now 
sidnnittod be ])asscd by the senate, with the modifications 
which have been suggested by the commission,” 

In this, the latest example of sanitary legislation on 
irrigation in l*icdraont, the old remedies, and the old 
recognition of infractions of previous enactments, arc re- 
established and submitted to. distinction is admitted 
between rice-lands formed before and a/ter the year 1848, 
and the law is much milder in its provisions regarding 
the former than the latter. By Article 1, all rice-lands 
formed after 1848 within districts or protective zones 
round inhabited places, as defined in previous acts, are 
positively prohibited, and are ordered to be destroyed or 
turned to other uses before the close of the cuirent year. 
With the view of preventing the lands thus abandoned 
becoming noxious to the community, the project of the 
commission imposes on their proprietors the obligation of 
executing and maintaining such works as may be neces- 
sary to secure the free passage of the water which had 
been introduced for the purpose of irrigating them. 

Art. II. provides that other rice-lands similarly situated 
within prohibited limits, but formed anterior to 1848, 



DETAILS OP THE LAW. 


329 


shall not be interfered with, unless their effects have proved 
prejudicial to the public health. The proprietors of such 
lands are bound to submit to the syndics of the communes 
within which they are situated, M’ithin fifteen days from 
the passing of the act, detailed surveys (coimgni) of 
them. These surveys may be executed on unstamped 
paper, (carta libera,) and should show the extent, posi- 
tion, &c., of the fields. 

Art. III. directs the syndics to submit these surveys 
for the consideration of the communal councils, and re- 
quires the councils to verify the same, and to cause any 
deficiencies of information to be supplied within fifteen 
days from the time of their receipt. Tlic tabular stjvto- 
ments founded on them ai'C to be published repeatedly in 
tlie communes, so that parties having objections to the conti- 
nuance of any of the rice-lands may bo heard against them. 

Art. IV. All parties Imving objections, on sanitary con- 
siderations, to any of the rice-lands referred to in Article 
11., shall present proofs of the same in writing to tlic in- 
tendant of the province, or to the inteudaiit-gcneral of 
the division in which tlie said lands arc situated, within 
ten days from the last publication of the surveys. 

Art. V. prescribes the times within which the intend- 
ants are to forward to the intcndants-gcncral the objections 
submitted directly to them. The commission proposes 
two days being allowed for this purpose. 

Art. VT., as modified by the commission, is to the fol- 
lowing effect : — •“ The intcndant-gcneral shall communi- 
cate immediately with the proprietors of the rice-lauds 
against which objections have been made through the 
syndics, and shall require these parties to reply to such 
objections within five days. The intcndant-gcneral, taking 
into consideration the observations on both sides, and 
having heard the opinion of the provincial council of 
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health, shall decide defiuitivelj within fifteen days whether 
the lands objected to shall be tolerated until the promul- 
gation of a general law on rice-cultivation, or for the 
current year only, or be converted at once to other uses, 
with the exceptions specified in the succeeding article. 

“ Art. VII, In addition to the rice-lands to which ob- 
jections are found to be irrelevant, the following shall be 
tolerated until the promulgation of a law to the conti’ary : 
all lands to which no objections had been raised ; those 
established without special licenses, but in districts or 
zones not prohibited; and those, finally, winch, though 
established in districts and zones under prohibition, have 
received the sanction of government at any former time. 

“Art. VIII. On the other hand, rice-lands under the 
following circumstances are prohibited, and the cultivation 
of them ought to terminate at once cither by the act of 
the proprietors, or by official interference directed by the 
intendants-gencral, and at the expense of the proprietors : 
1st, All ricc-lands formed subsequently to 1848 in pro- 
hibited places ; 2d, Those jireviously established in like 
localities not duly surveyed and registered ; and, 3d, Those 
which the intendants-gencral may consider prejudicial to 
the public health.” 

Such are the terms of the project, and to facilitate their 
execution, the commission recommend the preparation by 
the government of a table, showing the districts and 
distances within which rice-culture is permitted by pre- 
vious legislation, for the guidance of all parties concerned. 
\V hat the final fate of the proposed law has been, I have 
not had an opportunity of learning, but there seems no 
good ground for expecting it to produce any better results 
than its predecessors. The agricultural proprietors are in 
direct opposition to the government — means are invari- 
ably found, first, to evade all the rules the latter may issue 
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— and, in the end, to compel the regulating authority to 
recognise such evasions, by sanctioning what it has proved 
incompetent to prevent. The cultivators of rice have, 
with every new law, secured the occupation, as it were, of 
a new province; and the whole history of the progress of 
the sanitary legislation of irrigation in Northern Italy 
has l)een a record of successful encroachment on one side, 
and vain efforts at repression on the other. “ I persist 
in the opinion,” .says M. Giovanetti, “ that the provisions 
established for keeping rice-lands at a distance from cities, 
towns, and villages, arc dictated by incorrect notions,* 
and the passion for regulation-making. In Milan, in 
Venice, in Piedmont, in the States of the Church, every- 
where, in short, they have adoi)tcd the same measures. 
It is a struggle which has lasted for centuries between the 
agriculturists and the governments, and in these times it 
seems to be recommencing. What strikes mo as most 
singular in the matter are the llagrant iucojisistencies of 
the governments themselves. They encourage in all pos- 
sible ways the establishment of canal.s, and have incurred 
enormous expense in executing them : in all time the 
people with us cluster, as if by instinct, near the rivers 
and water-courses, and the governments think fit to throw 
serious obstacles in the way of utilising the waters for 
agricultural purposes. What is worse still, the regula- 
tions have ended in becoming instruments of arbitrary 
power, and of low and detestable passions. There is 
scarcely a dispute on tlie present subject wliicJi does not 
owe its rise to intrigue or ill-will on one part or the other. 

“ For my own part, I regard the absolute prohibition of 
the culture as far more logical, and much less mischievous 
to the interests of the community, than these everlasting 

* As will presently appear, onr experience in India i^: soniewliat npposed to 
this opinion. . 
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skirmishes between prohibitions and permissions. It is 
not that the abolition of rice-lands has proved effective in 
ameliorating tlic air where this has been tried, for the 
remedy lias, in my own experience, proved inadequate; 
but by so proceeding, the state of feverish uncertainty and 
anxiety, which is a curse to agriculture under the existing 
system, would, at any rate, be put an end to. 

“ I do not, how'ever, advocate the abandonment by 
governments of their right of surveillance over ricc-cultm'e, 
and every other form of agricultural or industrial occupa- 
tion, which is held to be injurious to the population of the 
states they rule ; but I do say, that our past legislation 
has Itecn an error and an evil in the changing shapes it 
has assumed, and that our laws, to be respected, must rest 
on sounder foundations than they now' possess.” 

To this conclusion all experience tends, and it w'ill, I 
am sure, command the full consideration it merits in any 
efforts which may be made to establish sanitary regula- 
tions for the irrigated districts of India. I shall have 
occasion presently to refer to the sound measures already 
adopted, to secure a broad basis of facts on which to found 
the rules to be enforced. No one will question the extreme 
difficulty and delicacy of the question. The mysterious 
nature of the morbific principle or principles, which we 
include under the general term of malaria, and our igno- 
rance of the law's of its distribution, or the limits of its 
inlluencc, embarrass our progress. It is like caiTying on a 
campaign without an intelligence department. On the 
other hand, the great interests of agriculture, the import- 
ance of leaving these as free to expand as possible, and of 
saving them from the blight of uncertainty or harassing in- 
terference, require profound caution, lest, in our respect for 
sanitary considerations, we overlook, or, it may be, inflict 
injury on others of certainly equal value to the general good. 
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ON THE LEGISLATJON OF IRRIGATION IN NORTHERN INDIA. 


The comparatively recent establislunent of the great 
canals of irrigation, executed by the Dritish (rovernraent 
in Northern India, and the absorption of the attention of 
the officers connected with them in the primary duties 
of completing the works, and organising the material 
details of the system, have hitherto interfered with the 
progress of legislation, and hence there is but little to 
show on this branch of the subject. It ajipears to me, 
how'cver, that I cannot better conclude my work than by 
placing on record tbc efforts that have been made, all 
imperfect as they confessedly arc. liy thus supplying the 
means of comparing them at once with the matured results 
of the long experience of Northern Italy, as given in the 
preceding chapters, it may be that their deficiencies will 
be better indicated, and the means of improving them 
more clearly suggested, than by any comment 1 could 
make. 

A single act of the legislature of India, under date the 
12th April 1845, embodies our existing legislation of 
irrigation. It is to the following effect : — 
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Act No. VII. of 1845, passed by the Governor- 
General of India in Council, on the 12th of April 
1845. 

“ A/I Act fo/' regulating the levy of water-rent, tolls, 
and dues, on ce/'tain ca/ials for irrigation and 
navigation, constructed by Gove/'nme/it in the 
North- Tlt’.sto’H Prnvi/wes, and for the protection 
of the said canals f/'om injury. 

“ Whereas miincrous canals have been constructed, and 
are in progress of construction, at the public expense, in 
the north-western provinces of the presidency of Fort- 
VVilliain in iJcngal, for the purpose of irrigation, and also 
for navigation, so far as it may be practicable to unite the 
two objects ; and whereas it is requisite to regulate the 
levy of rents, tolls, and dues on such canals, and to pro- 
vide for their protection from injury — 

“ I. It is hereby enacted that the lieutenant-governor 
of the north-western provinces shall be competent, by pro- 
clamation to be made in the government Gazette, to declare 
the provision.s of this act aj>plicable to any such canal. 

“ II. And it is hereby enacted, that tlio said lieutenant- 
governor of the north-western provinces shall be competent 
to draw out rules to regulate the levy of water-rent, and 
the supply of water for inigation, and the payment of 
tolls and dues on boats, rafts, or floats, and admission to 
the benefits of navigation on such canals as may be found 
most suitable to the peculiar circumstances of each. The 
rules thus drawn out shall be published for general infor- 
mation in the government Gazette. 

“ III. And it is hereby enacted, that any acts done by 
private individuals in contravention of the rules so pub- 
lished, shall be punishable either by temporary depriva- 
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tion of the benefits of the canal, or by the penalties 
herein-after described, 

“ I V. And it is liereby enacted, that all balances of 
water-rent due for lauds irrigated by the canal shall be 
levied, either by temporary deprivation of the benefits of 
the canal, or by the same process as is prescribed for the 
recovery of balances of land-revenue. 

“ V. And it is hereby enacted, that whoever wilfully 
causes any obstruction to any of the said canals, or to 
any of the water-courses drawn and supplied therefrom, 
or damages the banks of the canal, or the works con- 
structed for its maiuteuance, or wilfully defiles the water 
in the canal, shall be liable to the penalties hereiu-after 
described. 

“ A’ I. And it is hereby enacted, that all j)ersous offend- 
ing against the provisions of this act shall be punishable, 
on conviction before the magistrate, by imprisonment 
without labour for a term not e.Ycccding fourteen days, 
or line to an amount not OACoeding fifty rupees, (about 
£5,) or both ; and, in default of payment of such fine, by 
additional iinprisonincut for fourteen days. 

“ VII. And it is hereby enacted, that if the owner of 
any boat, float, or raft, navigating any such canal, shall 
refuse to pay the prescribed toll, it shall bo lawful for the 
officer charged with the levy of tolls on the canal to 
detain such boat, raft, or float ; and if the toll be not paid 
in the course of ten days, then it shall be lawful for the 
said officer, under the direction of the su|)crintendent of 
the canal, on the tenth day after the seizure, to sell such 
property, or so much thereof as may be necessary, or to 
declare the whole confiscated ; j)rovided that in all such 
cases no confiscation shall be carried into effect till the 
circumstances have been reported to the commissioner of 
the diyision, and his sanction obtained thereto. 
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“ VIII. And it is hereby enacted, that it shall be 
lawful for the lieutenant-governor of the north-western 
provinces to appoint officers for the collection of the rents, 
tolls, and dues hcrein-before mentioned, and to confer on 
such officers the powers of deputy-collectors for the levy 
of such rents, and of joint magistrates for the enforcement 
of such penalties as have been hereiu-before specified.” 

The lieutenant-governor of the north-western provinces 
exercised without loss of time the powers vested in him 
by the preceding act, and the following resolution, which 
completes the details of our existing legislation, was pub- 
lished in the government Gazette the 1st of July 1845: 


“ lIlCVENm’. DkPAIITMENT, 

the of May 1845. 

“ Resolution for giving cficct to Act VII. of 1846 
regarding Canals, passed by the Honourable the 
Lieutenant-Covernor N. W. 1*. 

“ I. Tinder the powers vested in the Lieutenant-Gover- 
nor N. W. T*., by Section I. Act VII. of 1845, the provi- 
sions of the act in question arc declared applicable to the 
following canals and water-courses : — 

1st, Tlic Western Jumna Canal, running through 
Delhi, and throwing off branches to Hissar and 
Rohtuck. 

2d, The Eastern .Jumna Canal, running near Saharan- 
poor. 

3d, The IJecjapoor Canal, in the Ueyrali Dhoon, drawn 
from the loft bank of the Touse River, near the 
village of Rcejapoor. 

4th, The Rajpoor Canal, in the Deyrah Dhoon, drawn 
from the right bank of the Ruspuunah River, 
below the village of Rajpoor. 
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5th, The Nugcenah Canal, in the district of Bijnore in 
Rohilkuud, drawn from the right bank of the river 
Koh, and passing by the town of Nugeenali. 

“ II. In conformity with Section VIII. of the aforesaid 
act, the swperiiitondents of the said canals are invested 
with the powers of deputy-collectors for the levy of rents, 
and of joint magistrates for the enforcement of penalties 
under the aforesaid act ; and their assistants are declared 
competent to exercise the same powers, under their direc- 
tions, and on their responsibility. The subordinate esta- 
blishments of such superintendents have the power of 
subordinate revenue and police officers for the aforesaid 
purpose.?. An apj)cal lies direct to tlie commissioner of 
the division against orders passed by the superintendent 
or bis assistants in the capacity of deputy-collector, and 
to the sessions Judge, against orders passed in the capacity 
of joint magistrate. 

" III. The officer.? at present holding the above 
appointments, and vested with the above powers, arc ; — 


W’^KSTiinx JC.MXA Canal. 


Captain A. IL K. Boeleak, 
Lieutenant Henry Yule, 
Lieutenant H. WiimNo, 
Conductor AN'. Daavk. 


Kiigiuocr.^, 

do. J 
do. I 


Su per iiitoii dent. 
Assistants. 


Eastern Ji;mna Canal. 

Lieutenant U. Baird Smith, Engineers, Superintendent. 
Lieutenant W. E. Morton, do. A.sbistant. 

.Bi;ejai*oou and Ra.ii’uor Ca.nals. 

Caxjtain Henry Kirke, Superintendent. 

Nugeenah Canal. 

The Collector, Deputy-Collector, and iVssistant-Collcctor of Bijnore, for the 

time being. 


“ IV. In conformity with Section II. of the aforesaid 
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act, the following rules arc passed, to be in force on the 
above canals and w'atcr-courses : — 


“ R ules far the Western and Eastern Imnim Ccvmls. 

‘‘ V. 1st, Cultivators whose lands lie within reach of 
the canal may, on their application, have M’ater for irriga- 
tion at the following rates : — 


DKM'UIPTION OK 

irrij^itted tiy natural 
llfiw nf waUir ivr Ui.-n*. 

In lo<'Ul i Jn I'liKlish 
I'urmicy. | currency. 

; Tiaml irrifjtati'il ai-titU-iully 
i I'i'i- ucri*. 

Iiiloeul ! In Fnglikh 
currency. curn'iicy. 

For what 
perliid. 

FiiisT Class,— I-’ niit, 


».• 1*. Xt. 

nnj'Ces. 

r.. 11 . 


mirsery gardens, . 

SsroN'o Ci.AS.**. — Vest', 
table gnrdcTia, indigo, 
sugar * CJino, tobaa’<), 
cultivniod grasses, :i.s 
lucerne, guinea grass, | 

5 0 0 : 

1 

i 

i 

j 

j 

0 10 0 

4 0 0 

. 

0 8 0 

per annum. 

and herbs, . . . : 

Tiiiiiu (.'L.4H8. — Jliee, i 
coilon, wheat, oat.s, | 
Indian corn, vegetabk-i, j 
( single croiLs, ) and | 

2 0 0 j 

1 

1 

1 

0 10 

o 

00 

0 3 0 

i 

1 per annum 
X or crop. 

i 

i 

I 

safflower, . . . | 

Fourth Class. -■ liar- \ 
Icy, oil - seeds, jmiso of \ 

J. 0 0 ; 

0 2 0 

0 10 8 

1 0 1 4 

i 

per crop. { 

i 

i 

i 

All hiiuls, . . . ! 

0 lu s I 

0 1 4 

0 8 0 

1 0 10 

per crop. | 

! ' 







' 




“ VI. 2d, When it may be more expedient to give 
water on contract rather than according to the surface 
irrigated, the terms of contract may be as follows : — 

“ Where the water flows naturally, 2 rupees (4 shil- 
lings) per annum for every square inch of opening taken 
from the summit-level of the water, and having a free 
course. 

“ Where tlic water requires to be raised artificially, the 
^ratc to vary according to the opening as above, or accord- 
ing to the machine used.” 



PROTECTIVE DISTAKCE9. 


3Sd 

(Five forms of native machines for raising water are 
specified, and rates per annum and per crop fixed for each. 
These rates vary, according to the su})poscd working 
powers of the machines, from £3 to 12s. per annum on 
each, and between half of these extremes respectively per 
crop.) 

“ VTI. 3d, In the event of any persons secretly taking 
\vatcr from the canal in any manner, for which rent is 
leviable, without coming under engagements to pay the 
rent, or secretly taking more w'ater than he has engaged 
to pay for, ho shall bo chargeable Avith double rates for 
all water so taken. 

“ VIII. 4tli, All land brought into cultivation Avithiii 
20 yards of the canal or any branch stream from it, sub- 
sequently to the construction of the channel, shall pay 
water-rent, wlietlior taking water or not ; and similarly all 
land cultivated from wells which have been dug or re- 
opened within 20 yards of the canal boundary, or Avithin 
10 yards of any branch stream from it, subsequently to 
the construction of the canal, shall pay Avatcr-rent, Avhether 
taking Avatcr from the canal or not. 

“ IX. 5tli, When, from the carelessness of cultivators, 
cither in not propeily closing the heads of their Avalcr- 
courses, or in leaving the Avater-courscs in bad order, the 
Avater overflows and spreads over Avaste or falloAv land, a 
fine shall be levied not exceeding the highest rate of 
water-rent leviable on the extent of land flooded. 

“ X. Cth, It shall bo in the poAver of the canal oflicers to 
close the Avholc of the branch Avater-courscs from sunset 
to sunrise, for the purpo.se of forcing the Avater on to the 
loAvcr parts of the canal, and also, when necessary, for any 
period not exceeding three days in a Aveck. At other 
times the water shall be at the command of the cultivators, , 
provided it be in the poAver of the canal officer to furnish 
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a supply. Pci’sons taking water once, so as to benefit a 
crop, shall be liable to the charge for the whole year, or 
the whole crop, as the rate may be leviable. 

“ XI. 7th, Special agreements between individuals and 
the superintendent for the use of water for irrigation, for 
driving machinery, or for other purposes, on other terms 
than are embodied in these rules, shall be construed as 
other ordinary contracts arc. 

“XII. 8th, When a branch water-course may have been 
fomed by the owners of two or more villages at their 
joint expense, and the OM’ncrs of any one of the villages, 
by refusing or neglecting to clear out their portion of the 
M'atcr-coursc, shall imj)cdo the free flow of tlic w'atcr, the 
superintendent shall be competent to cause the channel to 
be cleared at the public expense, and shall recover sucli 
sums as tmcavco (a local term, meaning advances in money 
made by government to cultivators to facilitate agricul- 
tural or other like operations, and recoverable at times 
and in ways specially agreed upon) from the ow'uers of 
the adjacent village, or of the villages profiting thereby, 
in such proportions as he may consider just, and accord- 
ing to the method prescribed in these rules. 

“ XIll. 9th, The superintendents and their assistants, 
in realising balances of advances and of water-rent, are 
empowered to proceed themselves against the persons or 
personal property of defaulters, under the provisions of 
the regulations applicable to the case ; but if they con- 
sider it necessary to proceed against the real property of 
the defaulters, the}' will address a requisition to that 
eflect to the collector of the district in which such pro- 
perty is situated. The collector, on receiving the requisi- 
tion, will proceed in the same way as he would upon any 
similar requisition addressed to liim by the collector of 
another district. 
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S4l 

“XIV. 10th, Villages that pay less than 100 rupees 
(about £10) in the year for water-rent, or that do not 
take water upon contract, shall also be liable to the fol- 
lowing charges : — 

“ For the watering of camels or cattle, 60 rupees {£G) 
per annum for every 1000. For the watering of sheep 
and goats, 20 rupees (£2) for every 1000. 

“ For filling tanks or reservoirs whenever water can bo 
spared, 5 rupees (10s.) per 24 hours' run, for every 100 
square inches of opening through which the water is 
supplied. 

“XV. 11th, Villages that pay 100 rupees (£10) per 
annum shall be exempt from those charges, and those 
that take water by contract shall use the water so supplied 
to them in any way they prefer, but shall not bo allowed 
to sublet it either for irrigation or for watering tlic cattle 
of other villages. 

“ XV'I., 12th, Tolls at the following rates shall be levied 
on all rafts passing along the canal.” 

(Here follows a long list of rates for various species of 
woods and grasses, Avhich I need not extract.) 

XVII. to XX. Detailed regulations regarding the 
passage of rafts, and provisions for protecting the works 
from injury by them. The owners are made liable for 
the cost of repairs of such damages, and if they are 
caused wilfully or wantonly, the ollcuder is rendered 
farther liable to punishment under Section V. of the act. 

“ XXI. 17th, Ferry boats shall not ply on the canal, 
except under license from the superintendent, to be given 
or withheld at his discretion ; but no charge shall be 
made for such licenses. Any other boats kept on the 
canal, for purposes of pleasure or traffic, shall be licensed 
on such terms as may be agreed upon between the super- 
intendent and the owners of the boats. 
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“XXII, 18tb, TJie jurisdiction of tlie superintendents 
and their assistants as joint magistrates, in all cases pro- 
vided for in this act, shall extend over all places within 
canal bounds, or, wliere there may be no apparent and 
recognised bounds, for 30 yards on each side of the high 
water-mark on any principal channel of the canal, and 
for 10 yards on each side of every rajbuha or other 
branch water-course, supplying water to more than one 
village, and over every plantation, building, or enclosure, 
belonging to the government, and under charge of the 
canal olficers. Beyond these limits they will have con- 
current jurisdiction with the magistrate for the pursuit 
and apprelicnsion of offenders. 

“XXIII. 19th, Persons injuring the canal banks or the 
canal property within the aforesaid limits, or wilfully 
driving tlioir cattle so as to damage the banks or the 
property, or otherwise acting within the said limits as 
prohibited in Section V. of the act, shall be liable to the 
penalties prescribed in the act ; bnt for cattle accidentally 
straying, the penalty shall not exceed, for every elephant, 
1 rupee, or 2s. ; every camel, 4 annas, or 6d. ; every 
baffalo, or head of cattle, horse, mule, pony, or ass, 2 
annas, or 3d. ; for every sheep or goat, 1 anna, or 1^. ; 
together Avith the expenses of feed and keep, and the cost 
of repair for damage done. Unclaimed cattle will be 
sent to the established canal pounds to be disposed of by 
the superintendent as usual, and the net pi-oceeds of the 
sale will be credited to the canal. Cattle or other animals 
going down to the stream, or crossing it at any other 
places than the established ghats or fords, will be held to 
have been wilfully driven, or to have accidentally strayed, 
as the case may be. 
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“ Rules for the Reejcqxiora ml Rajjiwo-r Canals. 

“XXIV, 1st, Cultivators whose lands lie within roach of 
the canal, or of reservoirs filled from the canal, may, on 
tlieir application, have water for irrigation from the canal, 
or the tanks or reservoirs made or repaired by the govern- 
ment, and filled from the canal at the following rates : — 


r»KSr|»JP710.V OF PRODl-fR. 

On laiiil Irneatcil l)y nniaral 
flow of watpr per acre. 

J>i iof-.'tl 111 l*i)gli‘-h 

currency. currency. 

Fnr what 

pci'ii.'d 1 


IlJ*. An. p. ■ 

r.. «. I). ; 


FrHBT — Fruit or nursery gardens, . . | 

Skcovw Clash. — \'egotnl)le gjfrdtiii.**, indigo, ; 

2 a 0 . 

i> ;■) 0 i 


sugar-cane, toRaoco, cultivated gr.i.s.sis — ns i 

i 

i 


lucerne, guinea gras.**, a*c., Iierbs and rice : 

i 



grown in cnckfiod lads • 

i 0 0 i 

0 2 0 ; 

pur aii)iun). 

Tjiiud Claso. — Kico not grown in emdo.^d i 
bed.s, col ton, wheat, oats, Jndiaii corn, vege- j 

1 

i 

■ 


tabled, l.'^iiiglo crops,) jcifJIowcr, . . . ; 

0 8 0 

0 1 0 

jT perannnin 
y or crop. 

Fuuutji Cla-sm. — Uarley, oil-soed’j, ami pulse! 


i 

of all kif)<J«i, ! 

0 8 0 ; 

0 ] 0 1 



XXV, 2d, Repeats Art, VII,, Rule 3d, of the fore- 
going series, (When rules are exactly the same for dif- 
ferent canals, T will not give them again in full, but 
merely refer as above to the corresponding provisions in 
the First Scries,) 

XXVI. 3d, Repeats Art IX., Rule 5th, of the First 
Series. 

XXVII, 4th, Repeats Art. X., Rule 6th, of the First 
Series, 

XXVIII, 5th, Repeats Art. XI., Rule 7th, of the 
First Series. 

XXIX. 6th, Repeats Art XII., Rule 8th, of the 
First Scries. 
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XXX. 7th, Repeats Art. XIII., Rule 9th, of the 
First Series. 

XXXI. 8tli, Repeats Art. XXII., Rule 18th, of the 
First Seines, with the following modifications : — The 
extent of jurisdiction is limited to 12 yards on each side 
of the main canal and principal branches, and includes 
not only the tanks and reservoirs as well as the canals, 
but also the course of the stream from which the canal is 
drawn, from the head of the canal to the dchouche of the 
stream from the hills, or any place where water-courses 
may be ent or machines constructed. 

XXXII. 9tli, Repeats Art. XXIII., Rule 19th, of 
the First Series. 

“ Rules for Ihs .Nu^eenah Canal. 

“ XXXIII. 1st, Cultivators whose lands lie within reach 
of the canal may, on application received within the pre- 
scribed dates, have water on the following terms : — 


I (»u land irrigated j 

On Innd 

irrigated 


i nalurnlly per acre. j 

nrtiiiciiilly per acre. 


D(;6CUIPTIO.V OF PROOrrK.: - 



... 



period. 

i In local 

1 n KtifrliHli 

In loual 

In F.ifiRliiih 

1 rurroficy. 

rurrenq-. 

currency. 

currency. 


■ as. p. 

Fift.sT Ci.Afis.- -Fruit and ; 

s. n. 

n.*. .M. V. 

T.. S. J>. 


Duraery gardens, ... 6 0 0 

Skco.nd Ci.ass.— Vegeta- ! 

Mo gimions, iiiiligi), ,su- \ 
g,nr cane, tobacoe, cnl- ; 

« 10 « 

; 

i 

4 0 0 

0 8 0 

per annum. 

tivated graiiiiies, Iierli.s, ■ 2 0 0 

TiuiiprjLAss.— Rice, cot- i 
ton.'whesvt^oats, Itaricy, 1 
and all other kinds cf i 

0 4 0 

1 1 8 0 

0 3 0 

j 

; per crop. 

grain and pulses, . . ! 1 o 0 

0 2 0 

0 10 8 

0 1 4 

per crop. 


“ XXXI V. 2d, Owiug to the limited supply of water in 
the canal, it is necessary to fix the number of waterings 
which can be given to each crop. If there be not enough 
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water to give the prescribed miraber of waterings, a rate- 
able deduction shall be made for the deficiency. 


I 


Description of Produce. 

Nuinfier of Waterings. 

Fruit or imi*scry giiitieiis, 

8 waterings i»er anuinri. 

IIciup, ; 

5 do. 

per crop. j 

Rico, KUgav*cano, indigo, tobacco, 1 


1 

cultivated gnissca and herbs, . 

4 do. 

do. 

Cotton, wheat, barley, anti all other 



grains and pulsess, 

i a do. 

do. I 


i i. 


“ XXXV. 3d, Tl»o following dates are fixed, up to 
which applications will be received and registered for the 
difierent kinds of produce : — 

For gardens, sngar-oano, tolxu'co, and extra- 
ordinary erotxs, . . . .1 5th March. 

For indigo, and the oixlinaiy rain and 

winter cro|)S, . . . .1st June. 

For vcgetable.s, cultivated grasses, and the 

ordinary spring and auimaer crops, . 1st Nov. 

“XXXVI. 4th, All applications tendered after the 
above-mentioned dates, to be treated at the discretion of 
the canal officer. 

1st, By absolute rejection. 

2d, By granting the prescribed waterings, and 
chai'ging double rates. 

3d, By granting only one or two w'aterings, and 
levying the full rates. 

“ XXXVII. 5th, In the event of the cultivator being 
found to have irrigated more land than he had applied 
for, he shall be charged double rates for all tho excess; 
provided, however, that no charge shall be made for any 
excess under 5 per cent on the area applied for. 
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" XXXVIII. etli. If the excess prove uncultivated or 
fallow land, the rate levied shall be the highest rate of 
water-rent.” 

XXXIX. 7th, llepcats Art. VIII., Rule 4th, of the 
Fir.st Series, with the .sub.stitution of a distance of 10 
instead of 20 yards from the canal and its main branches. 

XL. 8th, Repeats Art. IX., Rule 5tli, of the First 
Scries. 

“ XLI. 9th, The canal officer shall be at liberty to close 
the canal once every year, for clearing the bed and repair- 
ing the banks; provided, however, that the period occu- 
pied in repairs shall not exceed one month, and shall 
always be chosen when there is the least demand for 
water.^' 

XLII. 10th, Repeats Art. XI., Rule 7th, of the First 
Series. 

XLIII. 11th, Repeats Art. Xll., *liule 8th, of the 
First Series. 

XLIV. 12th, Repeats Art. XIII., Rule 9th, of the 
First Scries. 

XLV. Repeats Art. XIV., Rule 10th, of the First 
Scries, substituting, as the charge for watering sheep or 
goats, Rs. 2G (£2, 12s.) for Rs. 20 (£2.) 

XL VI. Repeats the provisions regarding the filling of 
tanks or reservoirs given in Art. XIV., Rule 10th, of the 
First Scries, substituting 20 for 100 square inches of 
opening. 

XL VII. Repeats Art. XXII., Rule 18th, of the First 
Series, substituting 15 for 30 yards on each side of the 
canal as the limits of magisterial jurisdiction. 

XLVIII. Repeats Art. XXITI., Rule 19th, of the 
First Series. 

The act and resolution now given form the code of 
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irrigation in Northern India. They concern themselves, 
as it will at once be observed, simply and exclusively, 
with those relations which connect the government as the 
great pi’oprietor of the canal waters, with the agricultural 
community as the employers of these. They are mute on 
all points which naturally arise between the different 
members of the latter body, whether these be village com- 
munities or individuals, during the development of a great 
system of irrigation. 

Most of those judicious, effective, and considerate pro- 
visions, which regulate the interior circulation of the water 
of irrigation in the irrigated regions of Northern Italy, 
and especially in Piedmont, have still to receive the con- 
sideration, and I hope the ultimate sanction, of our local 
legislators. Perhaps the following brief summary of the 
points already established by the preceding enactments, 
may not be without its use in flxcilitating a comparison of 
the systems of legislation in the Italian and Indian 
provinces. 

On analysing the act and resolution, it is found that 
they arc devoted to matters either of administration or 
police. Under the former head, the following arc the 
principal points that have been determined : — 

1st, The right of cultivators to water from the canals 
on demand, limited in all cases by the position of their 
lands, the adequacy of the supply, and in one instance by 
pi’escribed periods of time. 

2d. The adjustment of the price of water on the basis 
of special service under the two distinct conditions of 
natural and artificial flow, or of volume. 

3d, The regulation of the method of distribution and 
measui'ement on the basis of work done, (whether in 
irrigation, or for machinery, or other objects,) and on the 
area of the outlet of discharge. 
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In the former ease, the water is issued from outlets 
altogether unregulated ; the quantity is determined solely 
by the necessities of the cultivator ; there are no induce- 
ments to economy of water ; there are numerous facilities 
for fraud ; there are incessant and harassing interferences 
with the inigating proprietors ; tlierc are obstacles thrown 
in the way of the extension of the more valuable crops ; 
there are uncertainties introduced into the system of 
agricultural operations, from tlic strong temptations to 
avoid using the water unless it becomes absolutely neces- 
sary. After ten years’ observation of the practical work- 
ing of tJie plan of issuing Avatcr from unregulated outlets, 
on the basis of special service, or area irrigated, I have 
come to tlic conclusion that it is the most unsatisfactory 
of all methods, whether reference be had to the true 
interests of the State, or those of the agricultural commu- 
nity. Its maintenance is justifiable only when physical 
circumstances offer insuperable obstacles to the use of any 
other plan. 

In the case of measurement and distribution by volume, 
as defined in the enactments under review, there are 
serious imperfections. The terms in which Art. VI., 
Rule 2d, of the First Scries of Regulations is expressed, 
arc, I am bound to say, extremely difficult, if not impos- 
sible, to understand. Where water flows naturally, a 
certain rate is leviable, “ for every square inch of opening 
taken from the summit level of the water, and having a 
free course.” I think if it were attempted to execute an 
actual measurement of an outlet of irrigation with this 
rule as a guide, failure would be inevitable. The height, 
the breadth, and the head of pressure of any outlet, are 
the fundamental conditions on which its discharge is 
dependent. The maintenance of these, as nearly constant 
as circumstances will permit, is the essential object of all 
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the definitions, and rules, and forms of apparatus, which 
have been hitherto devised for measurement of water in 
irrigation. But the rule above given leaves all of these 
elements in extreme obscurity ; and I confess I cannot 
obtain a clear idea of the conditions of measurement it is 
designed to establish. That in a matter of so much im- 
portance, such obscurity will be allowed to continue, is by 
no means likely ; and I am sure attention has only to be 
drawn to its existence, to insure its being removed by the 
use of terms more definite and exact. 

The above remarks apply equally to the case of water 
obtained by artificial moans, since the area of outlet is 
retained as a principal clement of the moasuroment of 
volume, and its value is of course equally ditlicult to 
ascertain. 

4th, The establishment of protective distances. 'J'hcse 
vary from a mu-vimum of 20 to a minimum of 10 yards, 
and tlicir operation is limited to the government canals 
and their main branche.s. In Art. Ylll., Itulc 4th, of 
the First, and Art. XXXfX., Rule 7tl), of the Third 
Series of Regulations, there is an obscurity, to which 1 may 
advert for a moment. The measurement of the protective 
distances is directed to be made “ from the canal.” But 
a canal is not a mathematical line, having length without 
breadth ; and the question at once arises as to what part 
of the canal is implied in the rule. Is it from the centre, 
or the edge of the channel nearest the lands benefiting by 
the filtration of the water, that the measurements arc to 
be made 1 I conclude it is the latter line that is meant ; 
but the terms employed in the rules leave it open to 
question. Again, in the case of irrigation from wells 
within the protective distances, the measurements arc to 
be made “ from the canal boundary.” But this boundary 
is an extremely indefinite one. It is at very variable dis- 
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tances from the canal channel, and sometimes includes 
large areas of plantations and other grounds attached to 
the canal. If 20 yards is sufficient to pi*otect tlie canal 
water, at points where the boundary approaches most 
closely to the canal, it is too much at others, where it 
recedes niucli farther from it, and the enforcement of the 
rule is an injustice to the cultivators in the vicinity of the 
latter localities. As protective distances have reference 
solely to the water in the canal channel, it is clear that 
they should be refciTcd to the latter alone, and that 
the introdtiction of the canal boundary, as a new line of 
departure for the measurements, is not only useless, but 
mischievous. 1 make no comment on the distances them- 
selvesi — they may, or may not, be effective for the purpose 
contemplated ; details on this, or other like matters, are 
not at present under consideration ; but the general prin- 
ciple of measiiring sinSi distances from some fixed point 
in the channel they are designed to protect, seems so 
much more clear, and at the same time so much more 
equitable, than the existing arrangement, that I have 
ventured to dwell a little upon it. 

5th, The reservation of certain powers over the sup- 
plies of the canals to the government officers, to facilitate 
distribution of the "water, and repairs of the works. 

There is only a single instance in Art. XXXIV., Rule 2, 
of the Regulations for the small canal of Kugeenah, where 
provision is made for a failure of the supply. A rateable 
deduction from the water-rent is to be made for the defi- 
ciency. On tlie great canals there are no arrangements 
whatever for a contingency of this kind, and their absence 
is unquestionably a serious defect. The reservation of 
powers over the supplies made in Art. X., Rule 6, of the 
First Series of Regulations, is accompanied by the provision, 
that parties using water once shall pay rent for the whole 
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crop. Now, it is by no means a rare contingency for tlie 
supplies of the great canals to become inadequate to the 
demand, after the first watering has been given to the 
land ; yet on the area of this first M’atcring the full rent 
is leviable, under the act, though.it ma}’ have been found 
impossible to continue the irrigation of the whole surftico 
throughout the season. It may be true, as it certainly is, 
that a representation of the circumstances of such cases 
would probably obtain a total or partial remission of the 
claims of the State ; but there are often strong personal 
feelings and interests, which cause ofiicers to hesitate in 
doing this justice to the community ; and even if these 
did not exist, the fiiir adjustment of revenue claimed to 
service rendered seems to me to merit the consideration of 
the government. The terms of this adjustment are matters 
for local decision ; but (he principle should, I think, bo 
as distinctly recognised on the great as on the minor canals. 

tJth, The establishment of certain obligations on the 
employers of cojumon water-courses. 

Art. Xir., Rule 8, of the Fii'st, Art. XXIX., Rule 6, of 
the Second, and Art. X LI 1 1., Rule 1 1, of the Third Series of 
Regulations, are all to the same effect, and prc.scnt the soli- 
tary instance in which measures have been taken to secure 
the free internal circulation of the water of irrigation. That 
relieving the channels of water-courses possessed in com- 
mon by several proprietors, from impediments to the free 
flow of the w'atcr, is neither the only nor the most essen- 
tial condition of eft’ective circulation, .scarcely needs to be 
stated, after our review of Italian experience ; but that it 
should stand alone, as the representative, in the canal 
legislation of India, of all the provisions found necessary 
to the progress of irrigation in Lombardy and Piedmont, 
only show's how completely w'e are as yet on the very 
threshold, as it were, of the subject. 
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7th, Arrangements for the realisation of government 
dues for M'ater-rent, tolls, &c., 'which call for no special 
comment. 

8th, Provisions for the intei'pretation of agreements 
made in terms different to those embodied in the niles. 

9th, Prohibition to lease-holders against sub-letting 
their supplies of water. 

Such is a summary of the chief — ^indeed, I may say the 
whole, of the administrative details established by law for 
the canals of Northern India. On contrasting this sys- 
tem with tliat of Piedmont, as the most complete yet 
devised, the prominent defects in it are — 

1st, The absence of all provisions for the right of pas- 
sage, as applicable to public or private canals or water- 
courses. 

2d, The want of a unit of measure for water, or any 
satisfactory measuring apparatus. 

3d, The want of provisions against the w'astc of water, 
after its employer or proprietor has made use of it himself. 

4th, The want of any provisions for local and interior 
drainage — for what may bo called the drainage of irriga- 
tion, in coiitradistinctiou to the general drainage of the 
country. 

.5th, Vagueness in the definitions of protective distances. 

6th, The want of provisions to meet the various cases 
in which a deficiency of sujiply has to be compensated for. 

7th, The absence of efficient arrangements for granting 
temporary or permanent leases of water from the canals. 

8th, The want of any provisions for the protection of 
employers of water holding leases from the government, 
in their relations 'with each other. 

There may be other points of difference which expe- 
rience 'W'ould make apparent ; but if the code of irrigation 
in India were to provide efficiently, and in conformity 
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with local feelings and customs, for the various matters 
included in the preceding list, the results would prove, I 
am sure, of a very interesting and valuable character. I 
have before given tlie reasons for avoiding specific details in 
this place, as the selection of these must be the joint work 
of men familiar witli the wants and w'ishes of the agricul- 
tural }>opulation in different irrigating districts. Without 
avoiding all reference to details wJicn this seemed appro- 
priate, my object has been to direct attention to the 
broad features of the question as clearly as 1 could ; and 
having done this, I may now pass on to another subject. 

As regards the police of irrigation in India, and the 
penalties by which it is enforced, 1 have only one general 
remark to make — it is, that all the regulations hitherto 
made in this matter concern solely and exclusively the 
interests of the government. The interests of tlie irrigat- 
ing community have as yet received very little attention 
indeed. Works, the property of the State, are adverted to 
in the act, but it is silent regarding works the property of 
individuals. Water secretly taken, or, in plainer words, 
stolen from the public canals, is subject only to a double 
rate — a price which will at all times be gladly paid for it 
when irrigation is required. Even this most inadequate 
protection is not afforded in terras to water possessed 
under permanent leases or long contracts, when it is vir- 
tually the property of the lessees or contractors. I 
believe that stealing water should be stamped as a felo- 
nious act, quite as much as stealing money ; and, after 
long pi’actical experience of the working of our police 
enactments, I am obliged to say, that I think the whole 
question should undergo a careful revision, as the sys- 
tem does not at present fulfil the ends required from 
it, in protecting efficiently either the works or the water 
for irrigation. 
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The provisions for navigation, &c., are mere matters ot 
detail, and are therefore beyond the limits I have pre- 
scribed for myself. 

Before concluding these final remarks, I have a few 
Avords to say on the proceedings of the government of 
India, in the matter of sanitary legislation. After exhi- 
biting the unsafe foundations, and tracing the faltering 
progi’ess, of this branch of legislation in Northern Italy, it 
is with hearty satisfaction that I proceed to show the sen- 
sible and thoroughly practical manner in which the Bri- 
tish governmont has begun to deal with the question. 

For several years before any decisive measures were 
taken, complaints of unhcalthiness, attributed to canal 
irrigation, had reached the ears of the government. These 
complaints, however, were supported by evidence of a 
very indecisive, and occasionally of a contradictory, cha- 
racter. It was, therefore, wisely lield, that to proceed to 
action, on grounds thus unsatisfactory, could lead to no 
permanently useful results, and it was resolved to submit 
the subject to investigation, with all the care possible. 

Accordingly, on the IGth September lcS4o, a general 
order of the conimandcr-in-chief, acting under instructions 
from the gov’ernor-gcneral of India, appointed a committee, 
consisting of two oilicers of the Engineers, and a medical 
officer, with instructions to report “ on the cause of the 
unhcalthiness which has existed at Kurnanl and other 
portions of the country along the lino of the Delhi canal. 
The committee wilt also report whether an injurious eifect 
on the health of the people of the Doab (the country 
between the I’ivcrs Ganges and Jumna) is or is not likely 
to be produced by the contemplated Ganges Canal.” The 
field of the committee’s observation was subsequently 
extended, and made to include the whole irrigated region 
in the north-western provinces. 
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The actual iiivcstigatioiis of tlie coniinittce were con- 
ducted bj Major W. K. llaker, of the Engineers, and Dr 
T. E. Dempster, of tlic Horse Artillery — two officers in 
whose professional qualilications and rigid impartiality the 
most implicit confidence was reposed by all who follow'cd 
the progress of the inquiry. Having becu myself the 
superintendent of one of the canal districts submitted to 
e.xainiuation, I accompanied the committee, and watched 
with, of course, a perfectly friendly, but at the same time 
a somewhat jealous care, the methods of investigation pur- 
sued; and 1 must say, that nothing could exceed the scru- 
pulous anxiety to arrive at the truth w'hich marked the 
whole of the committec’.s procccding.s ; and I receive the 
conclusions at which they have arrived as decisive on those 
special points to which they are applicable. 

There is no use in my travelling over the whole ground 
examined by the committee in this place, my object being 
only to show' the manner in which the basis of a- system 
of sanitary regulation has becu laid, and the general re- 
sults arrived at. 

“ Our principal object,*' tlic cominittoc I'cniark in para- 
graph 5 of their report, “ was to ascertain what relation 
subsisted between certain physical conditions of the differ- 
ent district, s, and the liability of their inhabitants to mias- 
matic fevers. 'I'he former could be noted with some degree 
of certainty; but, in the absence of official medical statistics, 
and with frequent reason to doubt tho accuracy of oi’al 
testimony, though collected by ourselves, w'e could not 
obtain cveu an approximation to a fair comparison of the 
past and present sanitary condition of the inhabitants of 
different localities. In this difficulty, it was suggested by 
our medical member, that the cmiditiou of tho spleen in 
any number of individuals would bo a fair test of tlie pro- 
bable frequency and degree in which they had suffered 
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THE “SPLEEN TEST.” 

from malarious influences. Having satisfied ourselves of 
the propriety of this test, and finding it easy of applica- 
tion, wc determined to adopt it, and have based on the 
results so obtained the most important of the conclusions 
at which we have arrived. In Appendices B and C wnll 
be found a memoir by Mr Dempster, {Stating the medical 
grounds for the employment of the test, and the method 
followed in aj)plying it.” 

In discussing the applicability of the test, Mr Dempster 
states, “ There is no fact more generally known, or unhesi- 
tatingly admitted, by medical men, than that disease of 
the spleen is one of the most fivquent consecpicnces of 
malarious fevers. To enumerate all tlic authoritie.s on this 
point, would be to quote most of the respectable writers 
on these subjects ; but that government may a])preciate 
the value of the tost 1 depend on chiefly for the deter- 
mination of the comjiarative intensity of malaria in dif- 
ferent lDcalitio.s, it will bo proper to cite a few passages 
from tu'o recent and well-known work,s, by authors respec- 
tively of Buropoau and Indian experience.” Quotations 
follow from the (hiclopa’dla of Prariiad M(Hllcine, and 
Twininfii diseases of Benffnl, showing that culargement 
of the spleen is frequent wherever intermittent and remit- 
tent fevers prevail. 1'hc value of the test is duly limited 
— a1.>solute certainty is by no means claimed for it. “ I 
have no wish,” Mr Dempster states, “ to exaggerate the 
true and legitimate value of the spleen test; nor do I 
venture to assert that it will indicate the remote causes 
of all fevers, or even of all pure endemic diseases of this 
class. There may be different kinds of malaria, giving 
rise to fevers of different types, and having different com- 
plications and consequences ; or common continued and 
typhoid fevers may become mixed up with, and modified 
by, fevers of local origin. All those are worthy subjects 
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of future inquiry. Hut from what I have lately witnessed, 
I am fully persuaded that it will be found a true and 
faithful comparative measure of marsh malaria in its 
extended sense: and with that alone have canals and 
canal irrigation any proper connection.” 

The value of a test, such as is here referred to, valid in 
a medical sense, and incapable of conccabnont or suppres- 
sion, is great in a matter so open to personal influences, 
errors, and prejudices. Without it, the iiupiiiies of the 
committee, based, as they nnist have been, on oral testi- 
mony, in which no credit could have been placed, would 
have ended “ in vague and unsatisfactoiy conjectures, 
and without a single fact collected among the agricultural 
population on which they could depend.” 

In d(!scribing the method of applying the tost, Mr 
Dempster says, “ At each place twenty children and 
twenty adults were selected, our chief care being to take 
a fair samplr, not of the sick, but of the ‘ going about’ 
population of the town or village under inspection. The 
avowedly diseased wore discouraged from coming forward ; 
and when brought were rejected, unless there were not 
others sufficient to make up the required numbers. W e 
took subjects from all castes ; and whenever it uas practi- 
cable, examined a certain number of the agricultural 
labourers found in the adjoining fields, before entering the 
village, where our numbers were completed from other 
classes.” — “ As the great object was to make use of an une- 
quivocal, but easily ap|)lied test, no case was ever registered 
as ‘ sjilcen,’ unless 1 had so disiinctlj/ felt the enlarged 
organ, that it could not be confounded with any other 
disease.” — “ Precisely the same mode of examination was 
followed everywhere; so that everywhere it furnished a 
fair scale of comparison. One-half of the subjects selected 
for examination was, in all practicable cases, composed of 
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children under the age of puberty : 1st, Because 1 believed 
young persons to be more liable to enlargement of the 
spleen than adults ; 2d, Because the disease, uhen present, 
is in them more easily and certainly detected. For both 
these reasons, T considered children to l)e the more delicate 
test of malaria. The results amply confirm this opinion.” 

Mr Dempster adopted five degrees of size, and marked 
them by dilferent signs, tlic letter 0 signifying a distinctly 
marked case, M one decidedly larger than 0, and the 
njcan between the live varieties, Ij a large spleen extetid- 
ing to, or near to the navel, V'L a very large one passing 
across the medial line, .and S a snmll but perfectly marked 
CJise of the di.seasc. “ The soft enlargements,” he says, 
“ were seldom i’egi.stered, even when they prc.sented them- 
solve.s. 1 was generally oblige*! to put them aside among 
the ‘ doubtful c.ases;’ for although very confident as to 
the real nature of the disease, a mistake was still possible. 
But when 1 felt a solid tumour in the left side, di.stinctly 
ascertained its shajie, consistence, and the direction of its 
edge, and hence knew that such couhl only he an enlarged 
spleen, in so registering it we recorded a fact, (not a 
mere medical opinion.) resting, of course, on the credi- 
bility of the witness.” 

These notices will, 1 believe, suffice to give a fair idea 
of the spirit in which, and the means by which, the 
question of the sanitary relations of the canals in Northern 
India w.as examined. To give an idea of the area 
embraced by the researches of the committee, and the 
basis of facts obtained as above described, on which their 
conclusions rest, I may mention that they travelled, 
during the coiu-sc of their inquiries, about 1400 miles, 
visited more than 300 inhabited localities, and personally 
examined upwards of 1 2,000 individuals of all ages, and 
in districts both irrigated and uniiTigated. 
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I may advert very briefly to tJie principal conclusions 
to which these elaborate researches have led. It has been 
proved beyond a doubt, 1st, Tliat, in considerable portions 
of the districts under the influence of existing canals, sick- 
ness has been largely developed. 2(1, Tliat this sickness 
is not attributable to the results of irrigation, but to the 
canal-works or the water-courses of private individuals 
having intercepted the natural drainage of the country, 
and having thus led to the formation of swampy tracts, 
diffusing malarious influence around them. 3d, That 
where the soil is light, and the iirigatiou carried on by 
means of main distribution-channels, all the advantages of 
canal irrigation may be secured without the presence of 
any of those evils to be found in localities differently con- 
stituted. 4th, That under the favourable conditions above 
referred to, it is possible to have even large areas appropri- 
ated to rice-culture, without evil effects on the health of the 
population, .'ith. That, however, when irrigation is intro- 
duced in localities naturally malarious, the intensity of the 
morbific princijdes is iucrea.scd. 6th, That irrigation, with 
free surface-drainage carried on during the cold season, 
may be regarded as quite innocuous. 7th, That when 
malarious influences ai’C developed by canal iiTigation, 
their effects arc remarkably local, almost strictly so. 
Grcat cities and military cantonments would therefore be 
protected, according to the views of the committee, by 
zones of from at least three, to at most five, miles radius 
round them being kept free from irrigation. It is very 
curious and interesting to find that the elaborate details 
on which this conclusion is founded should thus have led 
to a result similar to that adopted by a kind of practical 
instinct in Northern Italy nearly three centuries ago, and 
that the actual limits of the protective zones, as defined 
in 1847, should be so very nearly the same as those esta- 
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blislieJ in Lombardy about 1575. 8tb, That as i*egards 
the influence of the Great Ganges Canal on the health of 
the population of tlio districts through which it will pass, 
the conclusion, waiTantod by the results of the committee’s 
investigation, is, that if attention to drainage bo made an 
indispensable condition of participation in the benefits of 
irrigation, an improvement, rather than a deterioration of 
the general salubrity, may in many instances follow the 
introtluction of canal irrigation. That even anticipating 
cases in which local and physical peculiarities may be 
irremediably opposed to cflcctivc drainage, there is reason 
to believe that a far less amount of contingent evil W’ill 
arise than has been experienced on the canals of the 
Jumna, originally constructed as these mxtc, without re- 
ference to many important points which have been espe- 
cially kept in view in projecting the great canal from the 
Ganges. f)th. That the agricultural community has une- 
quivocally decided that the benefits it derives, in increase 
of produce and certainty of returns, from the use of canal 
irrigation, far outbalance, in its estimation, the evils which 
have arisen from its employment in certain unfavourably- 
situated localities. The demand for canal irrigation is 
continual and progressive ; it will absorb, as fast as it is 
given, the entire supply of water placed at command ; all 
other forms of irrigation are immediately displaced by it, 
and if we were content to accept the decision of the mass 
of the population, the problem would receive a speedy 
solution. The committee has, in point of fact, accepted 
this decision, but has accompanied it by those limitations 
and safeguards which are indicated by the results of their 
minute and careful investigations ; and these will, I think, 
be certain to command the respect of the masses for whose 
special benefit they have been devised. 

It may be worth while to show what these limitations 
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and safeguards arc in the ease of the canal of the Ganges, 
the only great work which has been constructed since 
sanitary considerations have received the attention they 
so fully merit. 

“ The coimnittce would recommend as follows : — 

“ 1st, That the Ganges Canal be kept as much as pos- 
sible within soil ; i. e., that its ordinary s\irnice-lovel should 
be below that of the country. 

“ 2d, That earth wanted to complete embankments be 
never obtained from excavations made outside the canal, 
except in such localities as will readily admit of drainage. 

“3d, That the canal and its branches be taken as much 
as possible idong the water-shed line of the country, so as 
not to interfere with drainage ; and in all cases where 
such interference may bo unavoidable, that the executive 
officers be instructed to provide otherwise for the drainage. 

“4th, That masonry drains be constructed under all main 
water-courses or bridge-ramps, wdienever these cross the 
drainage of the country." 

“ 5th, That no private water-courses from tlic canal be 
allow'cd, but that irrigation be practised exclusively from 
main water-courses. 

“ 6th, That irrigation be prohibited within five miles of 
a military station, and within one or two miles of large 
native towns. 

“ 7th, That in clearing embankments, the grass, weeds, 
&c., be not suffered to rot on the ground, but that they be 
burned as soon as possible after they are cut. 

“ 8th, That irrigation be altogether prohibited in locali- 
ties which appear naturally to possess a malarious character. 

“ The committee arc aware that the adoption of the 
measures above recommended w'ould involve an expense 
not contemplated in the original estimates for the Ganges 
Canal.” 
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Notwithstanding the intimation in the last paragraph, 
the government at once gave its sanction to the measures 
suggested. Altliough I liavo not 3'ct seen the revised esti- 
mates for the canal, I am informed that, owing to the mo- 
difications and extensions of the w'orks, the ])robable cost 
is now' calculated at nearly one and a half millions sterling. 
It is not only, however, in new projects that measures 
arc being taken to combine the use of irrigation with due 
precautions for the health of the community. On those 
linos which we have received as legacies from our Alahom- 
medan predecessors, the old errors of alignment and level, 
w’ith the evils to w'liicli they have given origin, are being 
vigorously combated ; and even already manifest improve- 
ments have been made, while still gi’oatcr ones arc either in 
actual progrcss,or under consideration. The path of research 
entered upon bj' the committee should be earnestly pursued ; 
the relations of canal irrigation to health should be still 
more minutely and systematically investigated; and, with- 
out being over sanguine, 1 mu.st say, I look forward to the 
time when wo shall be able to say that, in the in-igated 
districts, agriculture has been stimulated, its products 
placed beyond the vicissitudes of season, its returns made 
sure and abutidant, without either actual loss of life, or 
diminution of physical energy on the part of the population. 

My duty is noAv finished. I have filled in, to the best 
of my ability, those outlines which I traced in the eaidy 
pages of this IIe])ort. I am conscious of many imperfec- 
tions, due, in some cases, to the novelty of the subject ; in 
other’s, to the difficulty of obtaining perfectly satisfactory 
materials ; and in others again, to the foreign stores whence 
information had to be gleaned. I have, however, done 
my best ; and all fair allowances will, I am sure, be made 
for the shortcomings which may be detected. 
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'I’lic development of the irrigation system in India is, 
I hold, one of the most important of the duties attached 
to our position there. It is fortunately a duty, too, whicli 
is, in every point of view, its own reward. While it pro- 
motes the i)ros])erity of tlie agricultural classes, it secures 
and imrreascs the liuancial resources of the State. While 
it contributes powerfully to the increase of the material 
enjoyments of the community, it has proved itself, by wide 
experience, to be a moral agent, gifted with civilising 
influences, of a nature readily recognised, and willingly 
submitted to. Statistical details and magisterial expe- 
rience show cl(!arly, tliat where irrigation, with its plea- 
sant train of consequences, is introduced, crime diminishes, 
plenty and security prove the best policemen, lawless 
habits yield to their genial influences, and men who were 
the Ishmaclitcs of society fail, without force or constraint, 
into the ranks of the great anny of industry. 

The value of the moans whereby the scanty pasture 
land, or the waste it.self, may be converted into fields 
capable of yielding any, or all, of the rich products of 
Indian agriculture, or by which the localities already 
yielding such products may have their capabilities 
increased, and their returns secured, scarcely admits of 
being over-estimated. So long as agriculture is left 
dependent on the vicissitudes of the seasons, those periodic 
famines, which devastate the richest portions of our ter- 
ritories, may be expected to recur. So long as masses of 
the population wander over great tracts in search of a 
precarious subsistence for themselves and the cattle on 
which they depend, there will be dark spots, marked by 
much suffering, and requiring the constant presence of 
repressive force ; or, finally, so long as the staple .sources 
of the revenue of the State are so specially influenced by 
ebbs and flows of agricultural prosperity, there must be 
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those losses and sacrifices, of which past experience pre- 
sents so many examples. In solving successfully the 
social and fiscal problems . involved in such considerations 
as tliese, and others of a like kind, which wfill naturally 
suggest themselves, tlicre arc doubtless many agencies, 
moral and intellectual as well as physical, to be cini)Ioyed. 
But I believe that those who have watched most closely 
the influence of irrigation on the habits and feelings of 
the people, will be best disposed to rank it high in the 
scale of the material agents of civilisation. If 1 have 
succeeded in suggesting some means calculated to stimulate 
its progress, or facilitate its application in those rich and 
interesting regions of Northern India, to which personal 
memories especially attach me, my work wdll liave its best 
and most pleasant reward. 
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Bays, (architoot,) i. lOS. 

Bedfl of wati'i- cour.scs, jivopcrtv in, ii. 
133, 140, 268. 

Btuiaco, or I..:i;^o di Carda, q. v. 

Beiin.sco i‘.sca|»c, i. 205. 

Bciiclieial ijUccLs of irri^^itioii in Italv, i. 
OJ, 147, 158, 29«-.iri luilia, 310, 331, 
353, 361, ;J68, .300, 397, 421, 425, 429, 
4.30, 431; ii. 363. 

Bcno Gozadini, Podo-sta, murder of, i. 

212 . 

Berijt^ufivdo Cajui!, i. 201, 220--\vork.s 
230 — ostabl irtli 1 i ici i fc, 23 1 — nu vi,^a lion, 
and area irrigated, 232; ii. J J(». 

Berra, JL, on )namf(;,i. 59; ii. 87, 90, 95. 
231. 

Berlolii, (ongiiu'or,) i. 220. 

Biiiiigiiii on legislation of irrigation, ii. 
283. 

Biilono, Professor, i. 10. 

Bigotll, ^engineer.) i. 23i. 
llijapijv l^inal, i. 351 ; ii. 336, 337, 343, 
Bijnoro, ii. 3:'i7. 
liiiaucioj i. .52. 

Itiraga Canal, i. .33, 138; ii. 19, 25,9. 
lllaek, C. C., Ks(j., i. 75. 

Bliick-iny.il p.'iid to tlie Maiix, i. KU. 
Blaue, l.li.utenant, i. 313, 314. 

Blight and iiiM'ct.s, ii. 102. 

Boeca di Pavia, i. 220. 

Boileau, Ca[>lain A. II. K., ii. 837. 
Bologna, i. 1 99. 

Bortnkla Biver, i. 151 — canal from, 
152. 

Bra, Canal di, i. 151. 

Brehio Biver, ciuuil from, i. 15*2. 

Breinbo Biver, i. 178. 

Broscin, i. 61, 180. 

7>r/(//ia, ii. 29, 84. 

Rriosclii on /atnr.jVc;, ii. 96. 

Brisach. Marslial, i. H).5. 

Brivio Lake, i. 175. 

Brmui Biver, i. 75. 

Bninacci i. 235; ii. 8,13, 36, 39, 51. 
Bruiiasio Poveha, ii. 118. 


Bmschotti, Ouiseppe, liistorics of canals, 
i. 48, 161, 197,198, 203, 209, 247, 267, 
276; ii. 54, 193. 

BuOiilora, bi-idgo of, i. 84. 

BuHbn. Nadault do. Treatise on liriga- 
tion, i. 6; ii. 8.5, 257. 

Bunding system on the Cuggur Iliver, i. 
354. 

Busca Canal, i. 33, 100, 137 ; ii. 19, 259. 
Biis.«c Biver, i. 184. 


c 

Calenlations of discharge, with given di' 
mentions, ii. 37, 38. 

CaUlonc River, i. 294. 

Caliphs, irrigation woiks of the SpaiiLli, 
i. 202. 

Calu.Hi, canal of, i. 10, 100 its history, 

lo5 — volume, no — distribution of 

slo|K.s 111 -hearlworks and tunnels, 

112 - bridges, aoucdiictp, and revet- 
niejits, 113-14— •co^t of construction, 
lI4--of maintenance, 1 16- -dhcliarge, 
mid area irrigatod, /A- returns, direct 
and iislirect, 117; ii. 65. 

oiidit (//. i. 109; ii. 17. 

Calvi, M., i. lit, 4.5. 

(Mnal-A ned', ii. 1 11. 

Carnonian Mountains, i. 166, 

t\va(er-l)ailins,) ii. 77, 90, 189, 
191,198, 215. 

Campo Veronese, ii. 212. 

Canabio l^akc, i. 162. 

(Canals of irrigation in Southern Fninee, 

i. 7-- property in, 16. 33, 41, (see /\) 
— piivate, 33, 41, 42, 67, 133, 134, 
136, (sco Prop.) — histories of, by 
Bruselietii, (sec A’)- extent of niiuor, 
ill LonilKivtly, 41 not succes.sf«l as 

spotMi hit ions, 153 aggregate length of 

Picduiontej-e, 1 58 - uggrogab? length 
of Lombard, 158. 

. hiihience of, on springs, ii. 108 — 

Moorish, ii. 22l-"0\t<msivo, declared 
works of pubiur utility in Piedmont, 

ii. 277. 

and railwavs, their mntuol bearings, 

392, 393, 394. 

Canal Act of Aklmr, i. 308 — by the Go- 
vernor-General of India, ii. 384. 

Canals systouiatically noticed. [For 
iucldeutal notices sec also under the 
separate names j 

4'.vnai,s in Piedmont. From the Vo- 
m-Htpmra. (1.) Veneria Beale, 103; 
(2.) Uoyal Park, I03~yrmi* the Stura, 
(l.) Canal Fiano, 104; (2.) Veneria 
Beale, 104— yVom the Orco^ (1.) Canal 
ofCalnso, 105 from tht Dora-Boiteaf 
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(1.) Canal of Ivmi, 122; (2.) Caiiiil of 
Cigliano, 1 *j 7 ; (:i.) Canal del Kotto, 129 

— cannU from tin; dr., IJII 

-'-from th> C%iu.iella, Aw, nnd front the 

A'ivot the. Ctreo, ii‘0.. I.'M canuU fmm 

the fi'csil-tt, ( 1 .) Canal (lattiiiara, 1,*J4 ; 
(2.) Kog^ia Mora, loo ; (3.) lloggia 
I5u,sca, .137 ; (' 1 .) Canal J?i/zo Hin»ga, 
13H; (o.) lloggia Sartirana, 139— 
nah from the Ar/oijna, \A\~-from the 
Arbiffpfftf \4\i- from the Tir(foif//lo,}4*A 
— Cittmld Oil the rii/ht hit lik' Iff the Tiehio, 
(l .» Canal Langosoo, I {a; (2.) i.-anal 
Sfoi'/t'sca, 1 11 ; it.s liraiu-lios. SlVir/OMM.) 
and Merongono, 147; (3.) (^undji Mo- 
linara, Castnllana, and Magna, iJS; 
Bering fod niinalB, 14^ — co.na/s o,i the 
rijjht httflk of the J*o, l/i(l, y\/. .front the 
i^tnrn, (Sonlljt'rn.) (J.) I’anal of tlio 
Stura, and {'2.\ Canal di liiu, lal : (3.) 
Canal of l'cfitu.sala, la 2; (l.l l.^nial of 
Sopraiit.^, ^ ii2- -ronofif from the T-inoro 
(iHil (ftt tri/oiftirii /jf/i. ro. /V.v/o, o/o/ 

Jirehio, \h'l -fri>m th.r .HormiJn. (1.) 

Canal ol (.’liarle.:! Albori, 1“)2 Minor 

canals in t.ho niipcr valloys, loCloS 

— gt.'JM'ral sninMiaryj 

i\ Ia>?,jii.\unY. h'rttm the hft. 
hank ofth.' Tieino, { I. j Navigliolivaiido, 
or Grand of tlio 'ririno, 203: 

(2.) Canal of Hcirgnardo, 22.0 ; (3.) 
Canal of I'avia, 233 fr*>m the rifjht 
hunk of the A i/tla, I'L) Canal Mnzza, “Jlo; 
(2.) Canal Marti?, -ana, i. '2yo~froiii the 
Iff hank of the A ihja — laladar al'‘dract, 
2^.0 - evnah of the Urt iuho, 2f53"l — 
of the i^crio, eonatti of 

the (htHo, r'ofht hmik, (1.) Naviglio (.3- 
vicu, *2.S‘); t2.) Xavigiio 1‘fdlavlcino, 
28l>: taliular ;d).slra(?t, 287 e<ihah *f 
the. Oylk, kft ha/i/.\ (1.) (\-ivo Fusio, 
2lty— Ird Ildar aljjda’act, 290 catoils of 
the Jf(7A/ tabular al-slract, 2J»l — 
eanaf.<s of the (.'lisiOj 291 ■ talndar ab- 
stract, 292 eoiiuh of the Minelo, (1.) 
Fos.sa di Po/zolo, 292 ; (2.) iiiin(.*r 
channels. 2l»3 general suniinai'y, 295. 

CAN.M.S IX 1 x 1 . 11 , (Appendix.) 

Cavafs hi o/ieration.— Wcutvrn Jum- 
na Canals, o0«j-31l, 311-3:{3- dvistcrn 
Jumna Canal, 311-313, 333-350 — /hy 
rah Vallrp chnaU, (J.) Hija]>ur water- 
course, 351 ; (2.) Uojpur wuttr-courso, 
351. 

Cannli projected hut not eonmi need. 
— canal tVoin the Cnggiir Iliver, 354 — 
canal from the Sutlej, 350, 301 other 
projects, 301— piojcota for the Pun- 
jauh, 395. 

Cmials in proffi'efs.--^ From tlie Nu- 
jufghur Lake, 302 — Kutta Putthur 


Canal, 305— Ui*and Ganges Canal, 307- 
395. 

Caiit.aluj.d, A., Treatise on Agricultural 
.iMiginecriiig, i. 50. 

laws and regulations, ii. 2<Uh 237. 

t^ardinali's collection of Jiyilraulic 
writers, i. 47. 

Capital, nei.rs.-ity of. to the Italian irri- 
gation svi-tem, ainl amount rerpiired 
m work an inigatod farm. ii. 113. 
Card's (. Jen.-? ini onto di Milano, i. 50. 
Ciistollana Canal, i. MH. 

(Jastly.lione, Lake of, i. 72, 74. 

Cattaneo, Carlo, Ins }iublieations, i. 57, 
1 OK 297. 

tattlcofflio Milanese, i.minerous, i. 38, 1 87. 

rovcMiue from watering, i. 321, S42; 

ii. 341, 3 It). 

paslnritig on canal b-aidif-. linc.s on, 

ii. 310, 342. 

(■aiitli'Y, Ideiitenant-Colonel P. 'i’., i. 334, 
30 K 30,5. 3i>7, 3n'S. 370, 3S7, ;i92. 

C(/r< Sorf/iri, t'']»ring fed eanals.) i. 148. 
<Javo l.ei'ino Mareceo, i. 42 -'ravorna, 07- 
Caviiur, Cuimt de, K'l ; ii. 2.' 7. 
rre.'c/i#n:>//»i,(oi* revenue survey,) i.49,.00. 
(’erio, or Cervo b'ivei', i. 89 canal fi'om, 
131. 

(.Jeito.-ia of IVivia, (monast.) i. 20tJ, 200. 
(.'lialJeiige, .-inunlar engino(?r, i. 214. 
Charles' A Jl..i:rt:s Code, i. 11, 12, 2!), 110, 
155 ; ii. 7, A7. 129, J30, 2:'i3, 250, 203, 
2S.5, 2‘»ii. 

eanal, KlO, 152. 

Cliai lcsKinrnanin’l I., i. 100, 152 ; ii. 321. 

- III., i. j l, 107, loS ; 

ii. 12.^. 120, 129. 27t». 
l.’IiarluM V., ei.n|i(.']‘')J‘, ii. 124. 

Pive)’,i. l‘)0, .180- irrigation from, 

280. 

t’hiaiia, \’ul di, i. 72. 

Cliiainigna llivi.r, i. 1.54. 

(.'Id:i.vav!dle, (..Ji.,t<*ri:ian monastery of, 
j. 199, 203, 200, 202 : ii. 178. 

Chi(?s«? Jtivev, tor Cli.-io.) i. 01, 1^10, 

IHi—ca links from, 291, 292. 

(’Iiie.-ella U., i. o9 -canal from, 131. 
Cliisone h’ivcr, i. 151. 

Clijfaiig liiver, i. 307. 

Cholmondelf?y, Mr, i. 75. 

Clj«iya Piver, i. 355. 
t.’ieeroj i. 75. 

Chto morto. ii. 59, 53. 

Cigliano, eaiud of, J.'i, 10, 18, 100, P27. 
(.Jisalpinc vcpnblie, legl- lation of the, ii. 

128, 14 4, 10.9, 17»l, 179. 

Civil (rod*.?, l.ombardo- Venetian, ii. 129, 
130, 131, 15!) Sai’dinian. See Charles 
A Ibcrt. 

Ckarance canal, i. 224, 240, 252, 275; ii. 

201,211. 
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Climate, contrasts of, i. 7— of Turin, .0— 
of Piedmont, 9*2— of irrigated Lom- 
bardy, 1B«. 

Clisio llivcr. See C/iiesfi. 

Closing canals, mode of, i. 224, 2r)2, 275; 
ii. :ur>. 

Clusone, valley of, i. !(>/). 

Cofiu iUW acqmt (tail water,) ii. 287, 28B. 
CoUdwit colatarc, (meadow drains >md 
surplus water,) ii. 78, 84, 90, 97, 158, 
167. 

Col Iyer, I)r, on sanitary state of Mair- 
wara, i. 431-2. 

CobMitayty (warping,) process of, i. 76 — 
natural, 168 ; ii. 170, ‘266, 268. 
Colombani's Praetieal Alanual,!. 48. 

liydrodynaiiiics, ii. 39, .^4, 77, 97. 

IVlvin, (.!oU»nel John, i. 314, 367, 392. 
Committee of tlie Sardinian .senate on 
rice etdtivaiioii, ii. 319. 

.See Medkat. 

(?omo, i, 65 — liake of, 161, 175, 263. 
Company of the Canal Langoseo, i. 146. 
t'uMiMrimiS htween Indian and Ilallan 
Jklds of irrif/ation—lho Muzza canal 
eoinpjiTOil witli ancient Indian tainals, i. 
63, 256- the Naviglio Craiide, 218 — 
Canal works, economy of water and 

legislation, 69 as i-egards the two 

great Holds ofirrigation,S3— the cost of 
canal constmetion, 115, 153 -returns 
on the outlay, 1 17 -cost of distributing 
channoU, 1 30, 339- -as regard.^ ratio of 
urea lost to cultivation, 156-^-as re- 
gitrcls the under' current or percola- 
tion of river beds, 171— the torrents 
of the suh-ilic^mnlayn, and those of 
the sub-Ali»iiie regions, 175- as re- 
gards .Slimmer climate, 192- as reganls 
laml-tux on irrigated property, 255— 
the Muz/ii ( onipared with the NVcslcni 
Jumna Canal in size,ar(?a of irrigation, 
woj’ks, and rental, 256- as regards 
ratio of irrigated to uuirrigated area. 
330— asri’gards winter irrigation, ii. 88. 
Comparisons of populaLion in irrigated 
and iiiiitTigateil Picduiojit, i. '.^5, ct set], 
— of populatiini in irrigated and iinir- 
rigated Lombairiy, 193— of population 
and revenue in iirigated and iinirri- 
gated villuge.s on \N'cstci'n Jumna 
Canal, 333-' of population and revenue 
in irrigated and unirrigated villages 
on Efistoni Jumna Canal, 348— of cost 
of canal and well irrigation, 383— of 
salubrity in iiTigatcd and unirrigated 
districts, ii. 233. 

Compost on mardtej ii. 95. 

Cmcafaliataf i. 238. 

Conditions of waterJeasc, ii. 140, 162,282. 
Vonseyna, (or valuation survey,) i. 51. 


Conservancy of river cliaunclB, ii. 189. 

Contini, (engineer,) i. 109; ii. 17. 

Contracts for water rent, i. 327, 337 ; ii. 
338,— for water supply, conditions of, 
282. 

for repairs, i. 253 ; ii. 177. 

(*ontniction of the vein, ii. 16, 24, 38. 

Convicted robbei’s, irrigation a medium 
of rccluiming, i. 412. 

Corbolaiii (engineer) on Brescian mca- 
sureiiicnt, ii. 33. 

Corio, Signor, i. 22, 25. 

Cost of canals of Caluso, i. 114 — of 
Canal di Bra, 151 — of Charles Albert, 
152-3' -of Pertusata, 153— of Pavia, 
241 -Indian, 3*25, 345, 359, 365, 366 ; 
ii. 362. 

Cost of miiintcnanco of canals, VI 6, 127, 
128, 1.51, 152, 153, 223, 211, 256, 278, 
285. 

Cost of rice irrigation, ii. 107. See ftc- 
eu'penditiu'e, estimated, &o. 

Cremona, i. 59— canal of, 201. 

Orescontino canal, ii. 15. 

Crimes against property in water, il 316. 

Ciiggur liiver, 354. 

(Mstodif ii. U, 


1 ) 

Dairies of Northern Italy, ii. 94. 

Dams of Cigliaiio Canal, i. 16— of Ivrca 
Canal, 20, 123- of the Muzza Canal, 
63 — of the Mnrtcsana Canal. 64 - -Pala- 
dclluoii the'J'icino, 2’20- of the .Mincio, 
293 -tcinpoiary, 33, 221,252; ii. 2.52, 

at Dadoopoor, 315 at Fyzabad and 

Nyashur, 336— Nowgong and Kulsia, 
337— C<nivcx, 118. 

spurs, and unauthoi-isod obstruc- 
tions, ii. 181, 189, 191, 199, 203, 208 
—unauthorised alterations of, 305. 

Damages not claimable from the State by 
a water lessee, ii. 143,.144. 

Damage to canal works, punishment of 
wanton, ii. 316, 341. 

Danger i>f suflering regulation of irrigu* 
lion to remain undeiined, i. 215. 

Danti, Igiinzio, i. 75. 

Ikiwe, Conductor W., ii. 337. 

Debud^, Lieutenant, i. BlH, 333. 

Defaulters in water-rent, treatment of, 
(India,) ii. 340. 

Defects of present Indian canal legisla- 
tion, ii. 347-353. 

Deticicut water supply, compensation for, 
ii. 143, 163, 291-2, 350-1— causes of, 
292. 

Delegations, provincial, ii. 175. 

Dempster, Dr T. K., ii. 355-6-7. 
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Departures from normal modulo munU- 
irule, ii. 53. 

Deposits of silt, i. IH, 1*21, 310, 334, 330, 
342, 354 ; ii. 03. 

De Itcgi on oiillots, &c., ii. 33, 54, C*2, 
83, 34. 

Derivation of water, regulation of.ii. 144. 

Deyrah Dhftii, (valleyO i. 351, 3G5. 

Dike of the Caluso Canal, i. 112. 

J)irt;€lor of OainalSy (Piedmont,) ii. 311. 

(Lombardy,) ii. 217. 

Directors, Com t of IC. I. C., i. 3, 30y. 

Dlritto d'imhteuzay (pjoscriptivo right,) 
ii. 138, 231. ■ 

Discharge, dilliciilUos of the problem of, 
ii. 30. 

Discrepancy iu supply, recognised amount 
of, ii. 3, 234 . 

Dislike, imitnai hcdwccii Piedmont and 
Loml)!u i.ly', ii. 21. 

Distribution of water— ancient, i. 101, 1 00 

— lioj'ary, ii. GfJ, (sec //) — in Lom- 
l>ardy, ii. 130 -in I’icdiuout, 230, 281. 

Dkoii, Lieutcuaut-tNjlonel. i. 3O0-ab- 
strjict of his report on Mairwai*a, 307 
—his operations there, 403, 425 

— in 7\jmecr, 127, &c. 

Dononini, i'enginota’.) ii. 31, 

Dorii-Biiltcji. i. 10, 20,30,01, 100™ canals 
from. 122, 127, 129, l.U, 157, 153. 

Dora-Kepairu Itiver, i. 14,01 — canals 
from, 103, 154, 157, 153. 

Drainage —in Lower Lomhary, i. 00,137, 
201 — of tlio Trisean uiavslics, 74 — of 
the Pontine mar.slios, 37 — of city of 
Milan, 103 - of the iJoyiidi valley, 301 

— of the Nnjufgliur lake, ij(i2— .sani- 
tary im])ort!Uiee of unimpeded, 432— 
interceijtion of, 310, 3Ji7 — sy.stcm of 
Lake Maggioi e, 101— of T^ake of Como, 
KM - of ti»c Ticino h.'isin, 171 — Olona 
and Lamhro, 174 Adda and iks trihu- 
t{irio.s, 177— Oglio, 180 — Media, 181 — 
Clisio, 132 — iiincio, 183. 

— combination of. with irrigation, ii. 
235— of irrigation water, ii. 77, 3ou — 
very lujcessaiy ui Ijiditi, ii. 302, 352 — 

canals, regulation of, ii. 174. 

Dredging macliine, i. 275. 

Dry cultiviition in Piedmont, i. 157. 

Durand, Major IL M., i. 303, 301. 

Duration of water contracts in JjODi- 
bardy, ii. 144. 

Duties of canal officers, (Piedmont,) ii. 3 1 1 . 


E, 

Economy of a PiedmontesG farm, i. 23. 

false, i. 315, 316. 

of canal irrigation, 383. 

VOL. II. 


Ellero River, canal from, i. 1 52. 

Elvo River, i. 89— canal from, 131. 

Emanuel Philibci’t of Savoy, i. 105. 

Embankments, river, i. 60— cllcct of 
high, 316, 336 — lank near 

Delhi, 365-- tank in Muirwara, sec 
Solani, 874. 

Einergcneie.s, provision for, (canal sup- 
ply, &c.,) ii. 306. 

Kmissardo on agricultural engineering, 

1. 56. 

Emoluuicnts of canal establishment in 
Piedmont, i. 121. Stfc ^Salancs, 

Kmiine Lake, i. 166, 236. 

Eiigincoi-ri, education of hydraulic in 
Piedmont,!, 12, 13 - duties of, iu I.. 01 U- 
hardy, 55— their number luid skill, ii. 
136, 159. 

ini-rpectoi’H, (Piedmont,) their duties, 

ii. .31 1, 313 - in Loiubjudy, 217. 

Enlargement of cliunncls regulated, ii. 
266, 272. 

Esoapes attiudn^d to regnhitoi's, i. 18,272 

objtHition to using as irrigators, 222. 

Sec Ontlrh. 

Essentials of water measiiremcnt, ii. 56. 

Kslablislnneiit at canal-heads, i. 1.9— on 
(‘anal Caluso, 116— -on Piodnioutose 
govermnent caiialu, 121, 127-' On Na- 
viglio Craude,223- lleregiuirdo (Jsuial, 

2. ‘U — Pavia Canal, 210 — on Indian 
canals, i. 326, 347. See CW of maln- 
U-n It'll Of?, Emoltt irii'nfif. 

Estc, UoatrkM? d’, i. 260. 

Kstimatod eo.-t per acre of Milanese irri- 
gation systivni, i. 2.97-8. 

Estiinalos, lPii.'dm(;nt.) ii, 313. 

Etruscan rcniiijji.s, i. 60, 71. 

Eugene, (l»cauhin'nai.s,) Viceroy, ii. *228. 

Pihioc, (of Savoy,) ii. 32.5. 

Kx.'Ojjple, fovec of, i. 426. 

Expenditure mi canals in iiorth-wcstcni 
India, i. 352 --on tanks in Mairwara, 
4 30 — on preparation of water-ineadowH, 
ii. 76. 

a.'^so.ysmeiit of can.n.l,ii. 174-6, 201. 

Ex]*ciisc of minor a«:jucduots, Ac., Jiow 
distributed, i. 239. 

of forming mavdU, ii. 76, .94 — of 

inigatiug 97 — of Milmi drain- 

age canals, ii. 213. 

K.\pc;uscs and returns on land, irrigated 
ami uiiiirigated, in IModmoni, ii. 80, 
83— on uiurditf fi9. Sec CosU 


F. 

Falls, masonry, i. 22— on East Jumna 
Canal, 835— on Deejaphr Canal, 351 — 
on Ganges Canal, 373. 

2 A 
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Famine (Indian) of 1837*8, i. 310, 340, 
3l>8— of 1832, 408. 

Fantoiie, Pio, (cwgintiCP,) i. 70. 

Fuim, interior of a Picdinontese, i. 23 
— rent and chargun of a Milanese, ii. 
83. 

Farms, small, nnsniicd to tlic Italian 
irrigution sysicni, ii. 113. 

Fannor proprietors of Loinb;u*dy, i. 55. 
Fanuci's of canals, (their powei's,) i. 1*22, 

306. 

Fanning canals, evil of, ii. 258. 

Ferislitu, (Indian historian,) i. 313. 

Ferozo, (Indian Kinpci'or,) i, 100, 306, 

307, 303, 356. 

Ferry-boats on canals, (India,) ii. 341. 
Fevers, inalarions, ii. 356. See Malaria. 
Fiaiio, Canal of, i. lo i. 

Filioilone, Signor .l)aiie.so, i. 210, 214, 
267. 

Financial pressure in Lombardy, evils of 
tho, ii. ill. 

Fines Jbr breach of canal regulations, i. 
106, 323, 314 ; ii. 167, 175, .180, 1«:J. 
184, 18.5, 18G, 20», 242, 305, 308, 309. 
310 — (India,) 335, 312. fSce 

for illegal c\iliiviitioii, ii. 225-7. 

Fishing, unlieeusod, ii. 184, 109, 204, 
300. 

Flax-Boaking prohibited, ii. 184, 192. 
Floods, of Jjake Maggiore, i. 163 - of 
Lake (.loino, 1(55, 176 -of iiako (I’lsco, 

106, 184 of the Mincio, 184. - of the 

Ticino, 204, 217, 218— of tlio Adda, 
203. 

Florence, i. 71, 80. 

Flushing, process of, i. 275. 

FontanUif (or Irrigating springs,) i. 33, 
45, 01, 180, 292; ii. 90, 108-112. Sec 

Forced silc of hmd, ii. 27 5. 

Fords on canals, (India.) ii. 34*2. 

Formula for value of Piedmontese 'wutcr- 
incasiires, ii. 24. 

for caleulating claims under liuniry 

rotation, ii. 08. 

Fos.sa interna of Milan, i. 259-60. 

Fossils of the Sub-lfiminulaya, i. 313. 
Fossombvoni, (Jount, i. 70. 
Fountaiu-soeker, profinssional, ii. 108. 
Fragmentary sUle of society in Italy, 
ii. 3. 

France, author’s route throxigh, i. 0, 
Francesco Sforza 1., i. 201, 258. 

Frederick Unrbarossa, i. 198—1., (Em- 
peror,) ii. 1 1 8. 

II., (Emperor,) i. 200, 204. 

French reports on Italian h*rigaitioii, i. 5, 6. 
— destroy the works of Naviglio 
Grande, 2 1 7— of Canal Mai'tesaua, i. 267. 
Fusio, Cavo, i. 289. 


(;. 

Calcazzo Giovanni, Visconti, ii. 121. 
Ganges Canal, i. 115, 172, 190, 257— 
history of the Bcheuie, 307, et wq . — 
Medical Comniittcc, 371--hcad-work.?, 
— obstacles from Sub-lfiminalaya 
drainage, 372-5— Solaui Aqueduct, 374 
— braueJios, 375-0— total length, 376 — 
expected benefits, 377 — estimated irri- 
gation, 373— and revenue, 379 --value 
of (jrops secured by, 331- -of iiiercascd 
production, 382 — navigation, 384 — 
objections to, 385 — rccumiueiidatious 
of Medical Committee regarding, i. 
391— ii. 354. 361, 362. 

Gangi5.s flivcr, expcototl effect of the 
canal on, i. 38.5, 387— tributancs of, 
389. 

Garda, Lago di, i. 61, 167, 182. 

1 11 . 

Oaftclh, ii. 4.0, 53, 64, Ml. 183. 

Gattinam Canals, i. 100, 131. 

Genoa, i. 7, 69, 95. 

Gcssal(Reconda.) River, i. 154. 

Giovunetti on the law of irrigation, &c., 

i. 1 1 ; ii. 124, 131, *261, 261), 283, 299, 
300, 33). 

Goitre, stoiy regarding, i. 312. 

Goojui-s, otfect of irrigation facilities on 
the lawless, i. 3.08, 

Giuna River, i. 151. 

Grandone River, i. 154. 

Graiifloni, Chevalier, (cugineer.) i. 79. 
Grautoos of water, llieir soHish conduct, 

ii. 138. 

Grants of water, (Piedmontese,) forms 
respecting, ii. 219. 

Grassini, Mons., i. 61. 

Greallied, l.ieutenant W. W., i. 332. 
Guardians of canals, i, 121, 223— qualifi- 
cations, 274 ; ii. 190. 

Guisani and Oiudiei, (engineers,) i. 
23,6. 

Ouone, Canal of, i. 1 53. 

Ouronc liivcr, i. 91. 

H. 

Hall, Colonel, supGrintendont of Mair- 
wiira, 403--his exertions for the im- 
provement of the people, 404, 408. 
Head of pressure, constant, i. 209. 
llemy-Il. of France, i. 105. 

Hiininalaya, i. 71, 311, 315, 336, 357, 
366, 372, 385. 

Hiiiduii River, i. 369. 

Historical Summary of Piedmontese Ir- 
rigation, i. 99. 
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Historical sunujiary of Lombard irriga- 
tiou, i. l.%. 

Notices of Indian Cimals, i. SOtf vt 

seq. 

Holidays, right to water on, ii, 2811-7. 

Uorai’y rotation, distribution by, ii. 66, 
85, 162, 238 — table, ii. 67 -soiuiion of 
problems arising in, 60. 

Hydi'anlics, expcriniontal, i. 14, 852. 

Hydrography, of Picdinont, 88 et seq . — 
of Lombardy, 1 CO d acq. 

Hydrometers, • i. 222, 2^0, 252, 273. 

Ilydromctric slnieo, ii. 44, *16. 

J-lvgrouietvie indications in Lombard v, i. 

'm. 

Hutebiuson, Lieutenant 0., i. 365. 

I. 

Idro, Lago d’, i. ]66, 181. 

India, fojvign impressions regarding Eng- 
lish in. i. 257 - irrigalion in Noi tliern, 
306 et Hq . — in Central, ;i97 --‘in South- 
ern, 305- -importance of a system of 
irrigative legislation and distribution 
for, 'JJO—cxihliiig irrigative legislation 
in, ii. 333. 

Indian inigation works, i. 3, 63. 60, 100, 
115, 117, 153, 222, 250, 257; ii. 58, 
270, 200, 203, 294, 29.5, 301, 332, 334. 
See also Indian Area, Afturtr, Jkveji- 
ciul, Camk, Cowpttrkuns, JJralnafic, 
LctjidcUion, Mciinmra, MeOHurtimnt, 
Passaife, TahU'S, rnit, &e. &c. 

rcgidating sluices, ]^—jhum for 

well-sinking, 4,5. 

Jnffeqncri ^dcrocuti, i. 56. 

lusti iietions to the author, i. 3. 

Interchange of oiithjts, ii. 200 - of rota- 
tion periods, ih. 

IiTigation, works on Italian, i. 6, (see 
i/tt/nta)— from springs, (see Fo'Hlanilt) 
— ancient traces of, 86 — l)encficial 
efleets of, (seo 71.) • -inthionce of, on 
population, (see. /C)-- trifling effect of, 
on atmospheric moisture, 100 --total 
extent of, in the Po V'’!illey, 299 — pro- 
jected in the Punjab, 305 ; ii. 279. 
See also Jnilin. 

practice of in Northern Ihily, ii. 3. 

— general organisation of, in Lom- 
bardy, ii. 217. 

Iseo, 1^0 d’, i. 1 65, 166,1 79, 28.9. 

Italian irrigation literature, i. 9, 10, 15, 
40, 47, 48, 57, 58, 59, 161, &c.-gcnc- 
ral list of authors, Appendix .<4., p. 301. 

Scientific Congress, i. 58, 

Ivrea, Canal of, i. 20, 100— histoiy, 122 ; 
ii. 1 4«— description and extent, 123— 
silt deposits, 1 24 --discharge and area 


irrigated, *5.— price of ‘water, 125— 
branches, t5.— bridges, 1.26 — revenue 
and maiiitciiancc, 127. 

Jatouwala Torrent, i. 31 1, 336. 

Jolum, Shah, i. 30.9, 311. 

Jumna lliver, 307, 311, 366 — effect of 
cannhs on, 385-- under ciiiTeiit in, 386 
- disputes regarding claims to water 
from, ii. 2tj2. 

- Canals, i. 63, 11.), 2.^6; ii. 336 — 

their history, 306 3 13. WrafcniJ niuna 
CanaJs: Development, 314 — works, 

317 w!iter-ront, 318 — benefit froju, 

during lainine valued, 31!)-- mill rent, 
320— watering cattle, 32 1 -—transit du- 
ties, ih. — jiJantatioiis, 322 -fines, 323 
— shitomcnt of expenditure and ro- 
veinu‘, 32.!) — establisliiuent and super- 

intoiideiico, 326, .328 statomeiit of 

population and rcvermct in canal dis- 
tri(?ls, 32!> -increase of land revenuo 
due to, 332. FaHtr.rv Juvrnn Canal: 
Evils of original levels, 33 1 -■ Oolonul 
Cautlcy’s remedial measure's, 331 -6 — 
dillicultics, 336 -assessment and dis- 
tribution of water, Itajlnha, system, 
337 — its cost and advantages, 339 — 
canal works, ■ water-rent and valued 
Kuiufit ill liiminc, 340- mill-rent, 341 
watering cattle, 312— transit duties, 
i5.- -plantations, 31 3- -mango gardens, 
344- linos, /5.— statement of expendi- 
ture and levemie, 345' - e.stablishmetjt, 
347 -sfaterneiit of pojmlatioii and ro- 
veimc, 318— increaso of land revenue 
clue to, 3.50— legislation regarding, ii. 
;i36 et ift'q. 

Juntas, Spanish Irrigaticni, ii. 219. 

Jurisdiction conferred on canal officers, 
(India,) ii. 337, 342, 346. 

K. 

Keir, Dr, on sanitary state of Ajineer, i. 
432-3. 

Kirke, Captain H., i. 351 ; ii, 337. 

Kirsuimi lliver, i. 312. 

Kramer, Professor de, i. 42. 

Krentzlin, Mens., i. 161. 

Kutta Puttlmr Canal, i. 365. 

L. 

Labour, cost of, in Italy, 1 114. 

Lake system of Lombardy, i. 66, 160-1, 
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167— data •regardiug, 169— its benefi- 
cial agency, ITti—uwautmg in Pied- 
mont, 90— except on the Ticino, 145. 
Lambro Kivor, (Northorn,) i. 164, 173, 
198, 200, 205, 243, 246. 273 ; iL 89, 
90 — Association of tlio, 186 — adiui- 
uistration of, 187, 190 — (Soutbern.) 
172,173, 205. 

Land taken for canals, compensation for, 

i. 105, 268 ; ii. 1 19, 122, 123, 126, 148, 
266, 271, 275. 

rent, syfiteni of, in Lombai^ly, i. 51 

— ©fleet of irrigation works on, in Pied- 
mont, 158- in Milanese, 228— botweeu 
Adda and Oglio, 2H8 — between Oglio 
and Adige, 295— in Lombardy gene- 
rally, 297. 

revenue, (India,) incimse to, froni 

iiTigalioii works, i. 332, 423, 429, 431. 
•— assessineut in Muirwara, 414— in 
Ajnioor, 129. 

Landlord and tenant in Lombardy, i. 50. 
Landolfo, (historian,) i. 1.96. 

Langosco Canal, i. 33, 100, 145, 218 — 
company of the, 146. 
l.iawfl of irrigation, earliest rccoidcd, ii. 
118. 

Leasc.s in Lombardy, i. 62— of cainvls, 

120 . 

of water, perpetual, ii. 135, 161 - - 

temporary, 135, 139, 140, 144. 

(India,) i. 327, 352. 

Lcec'lii, Count A., i. 62. 

, Antonio, work on canals, i. 1 61 , 262. 

Lcglioni, L 73. 

Legislation of hrigatjon, i. 4, 6, 11, 69— 
sanitary, 26, 5j)— works on, 58, 59— 
superior in Lombardy, 187— necessity 
for, in India, 215— history of, in Itnly, 

ii. 117- loading principles of, 120 — 
traditional, IIH, 121, 124, 125-iu 
Lombardy, 101 — in Piedmont, 24S - 
in India, 333 et tse/j . — remarks on, 347 
— defects of, 352. 

Lemma llivci*, i. 154. 

Leonardo da Vinci, his liyiliwdic writ- 
ings and constriictiuns, i. 40, 201, 262, 
263. 

Leri, visit to farm of, i, 22, 28. 

Lettsom, Mr, i. 8. 

Levels of Piedmontese canal beds, imper- 
fect, i. 1 9. 

normal of the modulo magiistraU. ii. 

52. 

Limit of size of outlets, ii. 55, 56. 

Lire River, i. 164. 

Litigation rcgai-ding water, i. 133, 205, 
246 ,• ii. 148, 163, 257, 261, 270— im- 
pediments to, needless, 284. 

Locks on canals of Milan, i. 39, 201, 259, 
263— on the Canal Bereguardo, 230— 


on Canal of Pavia, 23S— invention of, 
260-2— gigantic projected, 279. 

Lodi, i. 42, 69. 

Loinbardiui, Signor Elia, i. 60, 161, 172, 
203, 260, 286 j ii. 27, 112, 217. 

Lombardy, hydraulic Avorks ot^ i. Si- 
books on, 67— Lakes of, sec Xa4:c» — 
hydrogi-aphy of, 160 ct historical 
summary of irrigation in, 196 — general 
summary of irrigation in, 295— supe- 
riority of UTigation system in, 187 — 
state of, in the dark ages, 192. Sec 
also Population^ &c. 

Loiiati, Bern., (cngnieer,) i. 212. 

— Gian Patt, (do.,) i. 213. 

Loss of water, on marcUe, i. 46 — in 
canals, 22.^, 212, 254, 276. 

liUcca, i. 79. 

Ludovico fcjforza, i. 32, 40, 135, 138, 147, 
•201,260, 262 ,- ii. 18. 

Lugano, Lake, i. 162. 

Jjtotibtrdur8f (Iridin,) ii. 219. 

Liuuellina, (statistics of,) 27, 94 — expense 
and returns of (igricidture in, ii. 79, 83. 

Lungone River, i, 154. 


M 

Maeliines for raising water, rates on, 
(India,) ii. 339. 

Maciua of Modena and Reggio, ii. 9, 10. 

Madras govcrinneut, irrigation under, i, 
305. 

MaggengOf (lat summer hay erop,) ii. 78. 

MagghengiuOf (occa.sional 2d do.,) ii, 78. 

Maggi, Rishup R., i. 291. 

JVIuggia River, i. 163. 

Maggiorc, Lago, i. 67, 145 — Jiydrography 
of, 162-.3, 26.3. 

Magna, Canal, i. 118. 

Mairats, i. 400. 

Mali's, i. 399 at seq, 

Mftirwani, inigation in, i. 397 ei seq.— 
irharactor of the ])coplo, 399-400- - 
coiupicst, 401 - divided rule, 402 — 
eonsulidatiou and results, 403 — liaU’s 
reforms, 404 — Colonel Dixon appoint- 
ed, 405 — water the gi’cat want, 405 
— his measures to provide it, 407 
— wastes reclaimed, 410 — convicts 
raclaimetl, 412— ussessmeiit, 414 — tank 
cmbuukineuts, 414-419, 420, 4*21 — 
weirs, 419-420— other civilising mea- 
sures, 424— general results, 425. 

Malaria,!. 71-72; ii. 219, 332, 356, 359. 
See Unitary and Pi*otective Zones. 

Malcorrcntc Canal, i. 285. 

^lalesiua River, canal fi^oui, i. 131. 

Munotli, Chevalier, i. 72. 

Mantua, i. 60— lakes at, 182, 199— Begu- 
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iation of Wtitcrs in, and Verona, ii. 
198, 208. 

Afanui'c, abundanco of, in Lombtardy, i. 
33, 187 — application of, to irrigated 
meadows, ii. 89, 94, 95, 98 -on i*ice 
binds, 105. 

Marciki (or winter meadows.) i. *24, 33, 
46, 59,61, 6*2, 93, 149, 197, ‘2*26, 223, 
232, 255, 278, 288 ; ii. 36 ct pre- 
psiration of, ,in detail, 90-94 — pro- 
duce of, 98 — cxpeuse.s .and returns, 
rent, 99— sanitary relations of, 2*20, 
231-2— laws regarding, 140, 142. See 
Meadow. 

Muremma, the, and remedial measures, 

i. 71-79. 

Mari, experiments by, ii. 6*2. 

Maria Theresa, ii. 128. 

Marioni, Chevrilier, i. 16 ; ii. 318. 

Marocco, Cavo liorino, i. 42, 13. 

Marshes, i. 186, 197,294. 

Mai’tcsaua (Jan.'il, i. 37, 39, 12, 64, 173, 
201 — history, 258— slope, 270 — works, 
272— establishment .'ind rei>airs, 274 — 
outlets, 275— volume, 276— aim iri’i- 
gated, and price of water, 277 ; ii. 140, 
186-7, 189. 

Maziscri, M., i. 45 - cstimnto of the vnekty 

ii. 54. 

Meadows, suimncr, irrigution ol', ii. 75— 
preparation, 7 6 — produce, 7 8 — returns, 
79— temporary, i6.— sanitaiy bearings 
of, 2*20, 231. 

^leadows of the To valley, ii. 75— limita- 
tion of irrigated, 227-8, 231, 

Measurement of water, dn the Vorcel- 
Icse,) i. 29— (in the Milanese,) 39, 44, 
109, 155, 202, 205, ‘206, 234, 248— 
ideas involved in, ii. O—iji l*arma and 
Placentia, 9— in Modena and lieggio, 9 
— in Perrara and Romagna, 1 1 — - iu 
Piedmont, 13— in Lombardy, 26— in 
the Venetian provinces, 36 — Icgiiilatiou 
regarding, 160, 280— in India, its de- 
fective state, ii. 5 — and apparatus for, 
discussed, 62. See Modulo, &c. 

Measures, variety of, iL 3— Hooks on, 4, 
26. 

Mcda, Giuseppe, (engineer.) i. 233, 279 — 
gi^ntic lock projected by, 280. 

Medical committee on eficcts of ivrig*.i- 
tion, (India,) i. 338, 370, 431 ; ii. 69 
— its appointment and proceedings, 
355 — conclusions and recommenda- 
tions, 359. 

Medici, Cosmo de’, i 74. 

Mella ^vor, i. 61, 180— canals of the, 291. 

Mcllea River, i. 151. 

Menasciutto Canal, i. 285. 

Mera River, i. 164. 

Mercer, Mr G., i. 313. 


Mcrcngouc Canal, i. 1 47. 

Mcrlo's experiments on the oneia, ii. 54. 

Mezzola Luke, i. 164. 

Michela, M.. (engineer,) i. 10— 'history of 
Oaluso Canal, lO.*!;, 124, 1.37. 

Micholotti, Domiiiico, (engineer,) i. 10, 
14 ; ii. 17. 

, Ignario, (engineer,) i. 110— owe 

of, 17. 

Milan, i. 35, 68— canals in and round, 
37, 172, 197, 259 ; ii. 236, (see 
InkntOf Canal of Varw, Martcmnaf 
Vettahia^ Ac.,) — Ktatutes of, i. 200 ; ii. 
1 17— work on, and its territory,!. 58 ; 
ii. 78, 104— drainage syNtoni of, 236 — 
sewage, %h. 

Military lloavd, (Calcutta,) injury to 
Major DuiimdV project by, i. 363. 

Mills, i. 279, (Indian canal,) 320, 341, 
35 1 , 35*2— regn latioris roga rdiiig, ( [t.il v,) 
ii. 184, 188, 293, 298. See Motive 
Poiver. 

Minago River, i. 184. 

Miiicio River, i. 166- description, 18*2, 
199— tfanols from, 292. 

Minor irrigatio)i of tho Mihmesc, i. 243. 

Mir-dh, i. 308. 

Missjigli.'i, |j., (ciighu'cr,) i. *279. 

Mis-sion of the author to Italy, i. 3. 

Models, necessity for machine, in fjulia, 
i. 341. 

Modtdo,\. 44, 109, 15.5, 202,208, 210, 
255--“ of Piedmont, ii. 20, 282 --um/yiV 
fade of Milan, i. 39, 208, 21*2, 248 — 
history, 209 et scq. — detailed doscrip* 
tioH of, ii. 47, .54 — objections to, 63, 
41, 44, 110, 101, 162 -of Cremona, 
56. 

, essential conditions of a trustwor- 

tliy, ii. 39, 40, 46, 56. 

Moggio Lake, i. 175. 

Alolgora To non t, aqueduct across, i. 
*271. 

Molinara Canal, i. 148. 

5ton(,ada, Spanish canal of, ii. 220. 

Montforr.it, Dukes of, i. 100, lO-'i, 129. 

Moors of iSpuin, ii. 221 . 

Moni Canal, i. 32, 100, 135 ; ii. 19, 259. 

Mornay, Mauiiy de, report on irrigation, 

i. 6. 

Morton, I-ioutennut W. 15., ii. 337. 

Motive power from canals, &c., i. 147, 
153, 174, 193, 228, *255. See Milk. 

Moridan, (rude French water measure,) 

ii. 10. 

MnskuiTa River, i. 311, 336. 

Muzza Canal, i. 59, 63, 173, 200, 234 ; ii. 
26— history, i. 245— description, 260 — 
slope, i6.— works, 251— repaint 25*2 — 
volume, 253 — revenue, 254 — area irri- 
gated, 255 — cost of maintenance, and 
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value of the waters, 25() —coii) pared 
with Indian canals, i/). 

Muzza Canal, congregation of the,ii. 193 
—regulation of the, 194. 


N 

Napoleon, i. 37, 68, -202, 235 ; u. 225. 

Code, regarding property in rivei's, 

ii. 131. 

Narecs, I 408, 409, 427, 430. 

Navigable rivers, property in, ii. 132. 

Navigation of canals, i. 223, 2G2, 279. 

aii<l irrigation, coiubinatioii of, i. 

232, 238, 259, 2G(i, 343, 370, 371, 373, 
384, 393 ; il 11, 334. 

dues, i. 266, 269, 321, 342 ; ii. 33.5, 

341. 

of Jumna and Gauges, to what ox- 

i(Mit alfeotcd by canal abstraction, i. 
387-391. 

Navjglio Grande of the Ticino, i. 34, .37, 
3.9, 67, 17.3, 200, 23.5 -history, 203 ci 
sr*/.— dcscnj»tion, 218 -slope, 220 — 
works, 220-3— e.stablisliincnt and re- 
pairs, 223— diseliargo, 224 -waste of 
watcM', 225— supply in dry scjcsons, *6. 
--£ivoa irrigated, and outlets, 226 — 
price of water, /6.— iueonie, 228; ii. 
27, 45, 127, 140, 146, 148. 

lutoruo, (of Milan,) i. 37, 201, 243, 

2.59, 271 ; ii. 88, 236. 

— di Caderuo, i. 27.9 — Vercollino, 
263— -Clvico, (of Cremona,) 201, 286; 
ii. 31— I’allavicino, i. 202, 286 ; ii. 31 
— Tavonia, 112. See Omial, &q, 

Neronc llivcr, i, IDS. 

Nice, i. 7. • 

Noe, M. Charles, i. 15, 16,20, 22,32, 
90; ii. 111. 

Nowgong Torrent and dam, i. 311. 

Nugecna Canal, (India,) ii. 337, 344. 

Nujufglmr Lake, (India,) drainage of, i. 
3G2 — Major Durand's scheme, 363 — 
Mr Battio’s, 36*4. 

Numerical details connectod with irriga- 
tion in Northern Italy, ii. 107. 

Nya-Nuggur, foundation of, (in IMuir- 
wara,) i. 424 -fair establUlied, 425. 


0 

Obstnictions to water-courses, ii. 335. 
See l)au9, 

Occhi^ (spring-jets,) ii. 110. 

Office of canid works, (PiedmontJ i. 119. 
Og^onno Lake, i. 164. 

Oglio River, i. 61, 165, 166— description, 
179, 182, 201— canals from, 286, 289. 


Oilcake, ii. 95. 

Olginate Luke, i 175. 

Olona River, (Northern,) i. 172, 198,243; 
ii. 45, 89 - association of the, 128, 178, 
179-- regulations of the, 180. 

(vSoutlicrn,) i. 173, 205. 

Omhrono River, i. 75, 77. 

Onciat (or wat<jr-inch,) different mean- 
ings, ii. 14— ofCaluso, i. 109; ii. 17, 
24— of the Novarese, 18— of Lodi, 
26— of Cremona, 27— of Cremu, 31 — 
of Bergamo, ti‘2~-ma(jistraU of Milan, 
47 — various estimates of, 54 — and 
oauscs of discrepancy, 55. 

Opposition to canal reforms, i. 212, 213, 
249. 

Oreo River, i. 83, 89, 91, lOO, 154, 158 
— canals from, 105-117. 

Organisation of hydraulic jissociations, ii. 

170 . 

Orobian mountains, i. 166. 

Orta, Lago d’, i. 163. 

Osa, Oiiglicliuo dell*, i. 199. 

Osonu River, i. 294. 

Otho, emperor of Germany, ii. 117. 

Outlets, escape, i. 63, 65, 77, 205, 222, 
272, 293, 310, &i'. 

of distriluition, i. 29, 44, 101, 

100, 113, 206, 208, 223, 226, 231, 242, 
2.i4, 275 ; ii. 15— wooden, .S2, .59 
— l*iedmontoso, 21 — Croinoncse, 28, 
30 — Brcscian, 33 — M ihmese, 45,48 — 
rcgularisatiun (if, 182 — unregulated, 
28(J, 285“ removal of, from canal bank 
desirable, 63 — Indian, 59— extraordi- 
naiy tax on, i. 217, 268. 


P 

Pademo, canal of, i. 202. 

Puliulella dam, i. 220. 

Pallaviciiio Canal. See Naviglio. 

Paraiwts of canal-road embankments, i. 
240. 

Paratojn, (sluice,) ii. 22, 27, 31, 34, 43, 
44, 49, 162. 

Parlilon/u 113. 

Pa.^sage, right of, (for water-courses,) i. 
41, 200; ii. 119, 120, 122, 125, 126— 
in Lombardy, 146— -law of, 151, 154, 
157— in Piedmont, 263, 269, 278— 
limitations and conditions, 150, 264-7, 
269— a^i existing in India, 147— as ap- 
plicable in India, 279, 352. 

through existing channels, il 127, 

158, 270. 

Pav'ia, canal of, i. 37, 68, 171, 201, 202 
—history, 233— distribution of slope, 
237— works, 238— establishment and 
clearance, 240— imtiuteuauco, cost, and 
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rovenuo, ‘241 — volume, ib . — area ini* 
gated, 242. 

Paving canal bottoms, i. 223, 241. 

Pft 3 -niciit for water, forms of, ii. *21 4. 

l*cllicc llivcr, i. 151, 154. 

Penal Icgislaiiuii fur Indian canals, ii. 
31 «. 

Penalty, lica\y, for illegal irrigation, ii. 
‘208, 211. 

• for breach of canal law, ii. 331), 341, 

842, 3ri3. See Fines f Puins/imcnf. 

Percolation, facts regarding, i. 170 - in 
the Jumna and (.lauges, 330, 388 — 
supply of wells by, 407— loss by, ii. 

Periods of irrigation, limited, ii. 345. 

Peritif ii. 151), *207, 255. 

rcrtiisata, caual ol^ i. 152, 153. 

Pcstrhiora, i. 01. 

Pessinu, (engineer,) i. 26D. 

IVssio River, canal from, i. 152. 

Pezoretti on agricultural engiueciing, i. 
58. 

Philibert of Savoy, i. lOl. 

Plane, See Ale. 

Piedmont, autlnjrs visit to, i. 7-34 — 
hydrography, soil, climfite, and popu- 
lation of, 88-08 - historioid siiiiunary 
of irrigation in, 00-102 - canals of, 
103-153 — irrigation in upper vallcj’s 
of, 154-5 — gcnej’al summary of irii- 
gation in, 155-150— system.^ of nica- 
surciuoni, ii. 13-2(1- expenses and re- 
turns oil laud in, 80-33— legislation of 
irrigation in, 248-332. 

Pic*liiioi.itesc! hydraulic litcmture scanty, 
i. 10. 

fiinn, visit to a-, i. 22— i-oads, 28. 

Pietro Lcopoldo, Duke, i. 74, 75. 

Pigsties, oeonoiuie value of, ii. 05. 

Phfe, (ricc-cleaiiing machines,) i. 23. 

Plana, Raron, i. 1 5. 

Plantations along canals, i. 322-3, 343- 
4 — ii. 310, 312— on iiTigated lands, 
00 . 

Plasticity of the Lombsird irrigjition 
system, i. 43. 

Pliny, i. 74. 

Plundering liabita of tlic Mairs, i 
400. 

Po River, i. 33, 37, CO, 60, 201, 205-- 
obstacles to its use hitherto as a 
source of supply, 34, OO—projected 
canal from, 158. 

Pohsntay (iiiaizo flour,) i. 62. 

Police espionage, i. 36. 

of irrigation, Lombardy, ii. 16.0— 

Piedmont, 304 — India, 353. 

Ponalo River, i 167 

Poucclet and Lesbros, hydraulic expe- 
riments of, ii. 24, 30. 


Pont© d’Archetto, i. 1 08. 

Ponti, I. Trcdiei, i. 287. 

Population of Piedmont, i. .94, 05— of 
Lombardy, 102— of Indian canal dis- 
tricts, 320, 343 - boiiring of irrigation 
on, 102-6, 320, 348,422. 

Poasenti on agricultural engineering, 

i. .50. 

Possession of water pending litigation, 

ii. 304. 

Pntti a menda, (rotation luoadows,) 
ii. 70. 

Piescriptive rights to water, ii. 200-1. 
Price (if water, i. 117, 1*25, 120, 13.5, 136, 
1.37, 140, 1 il, 142, 113, 140, M7, 148, 
151, 1 .51, “J-JO, ‘254, 277, 28.^-^- averago 
. in Loiiibaidy, ‘208 ; ii. 213, 214, 216 — 
for winter irrigation, 07 - (India,) 338, 
.313, 344. 

Prisme, i. 19. 

Private canals, adiniiiiaf ration of, ii. 315, 
Sec Canals. 

Profdes, ponnaneiit, of canal setdion, 
i. ‘224, 231, ‘2.72 ; ii. 242. 

Profits from eair.di*, i. 42. 

Progress of canal system in Piedmont, 

i. 10l-‘2. 

Pnjpertv in watci*, i. i;‘2- -in c-auals, 106- 
7, 11.9, 122, 133, 134, 13(), 146, 147, 
1.90, 207, 2-15, *247— absohite in w’ater 
for irrigation, ii. 135, 21*2, ‘213 pri- 

vate, in water, 2.54, 259- in running 
water, 131, 137, 24H. 

Pvop(?ifcios, cflccfc of small, on popula- 
tion, i. 193. 

Proprietors of canals, obligations of, 

ii. 291. 

Protective njgulations, various, ii. 308. 

di.slance betw’ccn w.'itcv-com’scs in 

Lombardy, ii. 168,206 — in Piedmont, 
29,5-300— in India, 300, 339, 344, 346, 
3-19. 

zones, (rice cultui-c,) ii. 222-4, 225, 

226, 321 et setj., 359. 

Punchiiyut, (of India.) i. 404 ; ii. 219. 
Punishments for crimes bearing on hy- 
dr.udic works, ii. 316, 

Punjaiib, pi-ojcctcd irrigation of, i, 395-7 ; 
ii. ‘235. 

Piisiano Lake, i. 164, 173, 243; ii. 
190. 

Puthri River, (India,) i. 372. 


Q 

Quadi'etto of Verona and Mantua, ii. 35, 
16], 212 -of l}ro.scifi, 82, 33. 

Quantity, distribution by, ii. 281. 
Quartii'oU, (gross after growth,) ii. 78. 
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RkiftB, I'evomic from trauMit of, i. 321, 
322, 342. 

Ratjijia, (or lovclliu^ macliiiio,) ii. 03. 

llaipoor Torrent, i. 311, 33G. 

Rajhuha svstorn, i. 326, 337 ; ii. 50, 60, 
218, 219, 340, 342. 

Rajp(»or Canal, i. 351 ; ii. 33(1, 343. 

Ratio of irrigated surface in l^oiubardy, 

i. 20(i. 

Redofosso of Milan, i. 1 90, 272. 

Refornis, rcsistaiico to, i. 212-13, 249; 

ii. 197. 

Uegulating bridges, i. 275— sluices, 17, 

21 . 

estaVilislnnonts, 1 0, 223, &;c. 

llegulation of iiavigatiou, i. 223—of iiri- 
giition, law for tlio, ii. 144. 

Regulator of Cigliano Canal, i. 17— of 
ivrea Canal, 211— of Muzza t^aual, 63. 

Rent, (land,) iu Lombardy, i. 42— etlect 
of irrigalioii on, 158, 220, 280, 295, 
297 '-rent- I t’cc alienations of water, 
136, 137, 139, 146, 147, 158, 206, 232 
— rent-free tenures, 428. See H'afrr- 
rent. 

Repairs of camds, i, 207, 274— tloiie by 
contract, 253 ; ii, 1 77 — under Oloiia 
Association, ii. 181. See Cost of mtin- 
Uhumcc, 

Reports, annual winal, (Piodmojit,) ii. 
312. 

Representative system in development 
of irrigation, ii. 218. 

Retrogression of levels on East Jumna 
Canal, i. .334. • 

Revenue fix»m canals, i. 150, 24l, 278, 
(Tn<lian,> 318-32.5, 340-345, 351, 379. 

Revetments, 1. 113, 223, 230, 230, 272-3. 

Rice cultivation, i. 25, 124, 294, 2.96; 
ii. 100-10(5, 320-~irrigation of, i. 30; 
ii. 101-103, 166— produce and returns, 
104, 105 — introduction of, into 
Europe, 221 — insalubrity of, 220-222, 
233, 319- prohibition of, anil licences 
for, 222, 321— regulatiorn)f, in Lom- 
bardy, 225— in riedmont, 318-328— 
limitation of, 200, 205, 211, 222-4, 
321-5— Ciovauotti's gcuoiul remarks 
on, 331. 

RLcc-clcaniug machines, I 23— mills, 30; 
ii. 104. 

Richelmy, Profoi=isor, i. 12, 15. 

Rkonsegmt i. 52. 

Rights. Soo Passage, 

RUaje da Zappa, ii. 100— <fa t*tcenda, 

101 . 

Risone, (rice in husk,) ii. 102, 104. 

River channels, protection of, ii. 304. 


Rivers of Piedmont, i. 91— of Lombardy, 
169 —table, 186— irrigation, draft on, 
298— of N.W. India, effect of canal 
abstraction on, 306-8. 

Rodiginc d'acqm, i. 206 ; ii. 10, 45. 

Roggetta, ii. 91. 

Ruggia, (term applied to iiTigating chan- 
nels,) i. 100, 135, 137, &c. 

adaeqaatrke, ii. 91. 

Rohilkmd, (India,) ii. 337. 

Romagnosi, works on irrigation and its 
legislation, i. .58; ii. 153, 300. 

Roman names extant in Lombardy, i. 42. 

Jaw regarding proi'ierty in rivers, 

ii. 132. 

jurisprudence, fragments of, ii. 118, 

124. 

Roinc, i. 80. 

Rotation, horary. See JL 

of crops, ii. 79, lul. 

Rotto, Canal del, i. 16, 18, 100, 129. 

iioyjil Park Canal, (Turin,) i. 103. 

Rmtn, i. 109; ii. 10 — of Piedmont, 
15, 17— of Novara, 19. 

d'aequa, (lio«iry rotation,) ii. 66. 

Ruspunna River, i. 351. 

Ruthmd River, i. 372, 373. 


s 

Sala Tiakc, i. 104. 

Hilaries, i. 121, 122, 274 ; ii. 239. 

Sale of water by goveinment in Lom- 
bardy, i. 40 -- of surplus water by pro- 
prietoi’s, 226^— effect of, in Lombardy, 
ii. 135— not applicable in India, 137- 

Sallo di fjalto, ii. 141. 

Sau Cristoforo, escape of, i. 205. 

San Giorgio, tunnels of, i. 1 12. 

Sanitary relations of rice cultivation, 
i. 26, 27, (seo Rice ,) — eifeots of col- 
matayc, or warping, 78— bearings of 
irrigation, 394, 431, 432; ii. 354 ee 
srq. — lopslation in Lombardy, 219 
et .vy.— in Piedmont 318 ei seg . — for 
India, 332. See Protccim Zones, Me- 
dical Committee, Malana. 

Sarca River, i. 167. 

Sardinian penal code, ii. 316. Sco 
Charles Alha^ and Pkdrnmt, 

Sortirana Canal, i. 100, 139; ii. 19. 

Scagno, ii. 29. 

Scalve Valley, i. 165. 

Schwartzenberg, Princo Charles, i. 86. 

Seolaion, (meadow drams,) ii. 91. See 
Odatori. 

Scrivia River, i. 91. 

Sebino Lake, i. 165. 

Secchia River, i. 200. 

Seikhs, means of tranquillizing, I 397- 
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Serio lUver, i. 178— canals of the, 285— 
Morto, *5. 

Servitudes, law of water, ii. 151, 157, 2G7 

— cittiuctioii of, 308. 

Sesia River, i. 89, 91, 100, 157, 158- 
CiUials of the, 134-139. 

Sesto Calende, i. 07. 

ScttaUi, history of Mu/za Canal, i. 205. 

Sevese River, i. 173, 1.08, 204,273; ii. 
230 -'associiitiou of the, ii. 237. 

fSewage of Milan and sewage* irrigation, i. 
38, 266, 207, 275 ; ii. 89, 90, .96, 230. 

Sforza, Francesco, ii. 121. See LvAloricQ. 

Sforzcsca Canal, i. 33, 100, 135, 117; 218. 

Shell, Right Hon. 11. L., i. 71. 

Silt, dextosit of. Sec D. 

Six>lioiiH, ii. l ll - rcguliition of, 300. 

Sitoui ox)posos Soldati, 1. 213. 

Slopes of the Piedmontese X)Iaiu, i. 89™ 
of canals, 111, 123 of the Ticino, 170 

- Oloiia, 1 73 - liUiiil tro, 1 7 4 — Adda, 
177, 279 — its trilmliiricri, 178-9 — 
Oglio, 180--Mella, hSl -Clisio, aA — 
Minoio, 183- -of the Lombard i>laiii, 
181 -of Naviglio (Jraude, 218, 22U, 
223- - of Canal of Pavia, 237 -of Canal 
Huzza, 250 — of Hartostti.\a Canal, 270 
■ of Naviglio luterno, 271— of canal 
beds, 33.5 - of buiniiiov meutlows, ii. 77 
—of winter moiulow.s, 91, 

Sluices, sniall, i. 17. Of outlets, sec 0, 
and Paratuja. 

Suiitlj, Colonel R., i. 333. 

Smith, CaiUain IL Buird, i. 337, 305, (the 
author.) 

Snowv Mountains, ecoiioiuical action of, 
i. 84, 160, 285, 385. 

Soil of Piedmont, i. 93 — of Lombardy, 
180. 

Soloni River, (India,) i. 372 -aqueduct, 
374. 

Solaroli, Baron, i. 32. 

Soldati, Oiacoiiio, and his canal reforms, 
i. 209 ut seq., 234 — his module, ii. 21, 
27, 31, 40. 

Sombe River, i. 307, 315. 

Soxu-aiio, canal of, i. 1 52. 

Sonnani v (.'agnola, case of, ii. 1 53. 

Sovata River, i. 75. 

Sovereignty payable on canal, i. 100. 

Spanish advancement of Italian irriga- 
tion, i. 202, 234 ; ii. 125. 

Special services, water contracts for, ii. 
285, 340, 347. 

Spinonc Lake, I 166. 

Spleen as a criterion in sanitary statistics 
of irrigated country, ii. 355-8. 

Springs, (Fontanili,) irrigation from, i. 
33, 45, 61, 148, 186, 292; ii. 88, 89, 
90, 1 08*1 i 2— total amount of irrigation 
frfjm, 112 — signs of existence of, 


109 — depth of, in Noiihcm Italy, ih. 
— X^J’op^riy in, i. 62 ; ii. 256 — clfect of, 
on canals, 112 — impeding course 
of, 184, 191- right to, in irriguUou 
clijumels, 289. 

Sjn*iiig-fod canals, i. 1 48, 15.3. 

Spring- heads, eoiis-tniction of, ii. 110 — 
money value of, 111, 112 — laws relat- 
ing to establishuicnt of, 167, 206. 

Spurs, i. *272, 273. 

Stciiliug water, piinishmciifc of, ii. 317. 

SUjuc, artillcisil, i. 19. 

Stouc-rooiiiK, i. 222. 

Slrassoldo, Couut, i. 37. 

Stronc River, i. 180. 

Stnra Riv(*i’, (N'orlhcrn,) i. 91 — canals 
from, 103, 104, 154, 1.08 - (SouthenO 
151 — canals from, 151. 

Sui^criiitoiKloncc of canals, &c., in Lom- 
bardy, ii. 173. 

Superintendents of Indian eanals, xmwerM 
eoufevred on, ii. 337. 

Surplus waters, and rigid to tlieni, ii. 8.0, 
167, 195, 206, 209, 212, 231, 268, 289, 
308. Sec OoiaU'J'c. 

Sutherland, Colonel, i. 427. 

Swiunprt along canal, i. 212 —on Western 
Jumna Canul, 310. 

Syphons, ii. 141— regulation of, 306. 


T 

Table of areas of Imsins, and cliachargo 
of Piedmonte.^e irrigating rivers, i. 91. 

Temj'crature, rain-fall, and weather 

in Piedmont, i. 92, 

Coii)x»arative, of poptdation iu irri- 

g;ited and unirrigatod districts of Pied- 
mont, i. .95. 

( ’omparative, of increase of popula- 
tion in x>roccdiug tlist.’iots, i. .96. 

Comi>iU’ative, of maviicMl and un- 
married in preceding districts, i. 97. 

ComiJarative, of numbers to a 

family in preceding disti’icts, i, 98. 

Historical and descriptive statistics 

of canals from the Dora, Stum, and 
Oreo, i. 118. 

Agiieullural and financial statistics 

of caiuds from the Dora, Stura, and 
Om), i. 119, 

Historical and deserix>tive atatwtic.s 

of canals from the Dora-Jkdtca, i. 132. 

- — Agricultural and financial statistics 
of canals from the Dom-Baltca, i 
J33. 

Historical and descriptive statistias 

of canals from the Sesia, i. 144. 

Agricultural and financial statistics 

of canals fi*om the Sesia, i. 144. 
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Table of historical and descriptive statis- 
tics of canals from the 'I'icino, i. 149. 

Agricultural and financial statistics 

of oaiials froni the Ticino, i. 150. 

Data regarding bike systein of 

Lombardy, i. 1 09. 

Areas of basins and volumes of 

iirigatiiig rivers of IjOiubardy, i. 186. 

Tcinperaturo of IjOJiibanly diu*- 

ing sciisou of irrigation, i. 1 88. 

Atmoaphoric moisture in Lom- 

barily daring season of irrigjition, i, 
189. 

— • Rain-fall and weather in Lom- 
bardy during sofison of in-igatiou, i. 
191. 

Comparativt) of po)mlation in cer- 

tam irrigated aiid unirrigated districts 
of Lombardy, i. 198. 

Topidation of the provinces of 
Lombardy, i. 19.5. 

llistoru.M.! and descriptive Htatis- 

tiCB of canals from the Ticino, i. 244. 

Agriiailtural and financial statistics 

of canals from tlie Ticino, i. 2-14. 

Historical and descriptive statistics 

of canals from the Adda, i. 282. 

— Agricultiiml and liiianclai statis- 
tics of canals from the Adda, i. 282. 

— — Abstract of works on Wcsteiu 
Jumna Canals, i. .817. 

— DetaiUsl items of annual revenue 
on Western Jumna Canals, 318-:t2:{. 

Statement of annual expenditure 

and revenue on Wcstcjru Jumna 
Canals, i. 825. 

Al>stiael of ostablishnumt on Wc.st- 

prn Jmiuui Canals, i. 828. 

— — Comparative statement of ])opula- 
tioTi and land revenue on the districts 
of the l)t?lhi division, inigated and 
not irrigatinl, from Western Jumna 
Canals, i. 829. 

Annual inevoaRO of land revenue 

due to Western Jumna Canals, i. 
382. 

Abstract of works on the Kastcni 

Jumna Canal, i. 38.9. 

Detailed items of annual revenue 

on the Kusiern Jumna Canal, 340- 
344. 

— Statement of annual expenditure 
and revenue on the Kastcru Jumna 
Canal, i. 345. 

Abstract of establishment on East- 
ern Jumna Caiisil, i. 847. 

Compai-ative statement of popula- 
tion and land rcveuue in districts of 
the Meerut division, irrigated and not 
irrigated, from Easteru Jumna Canal, 
i. 348. 


Table of annual increase of land revenue 
due to Eastern Jumna Caual, i. 350. 

Dimensions, spread of water, and 

irrigated area of tank embankments in 
certain villages of Mairwara, i. 4*20. 

Increase in number of families, 

means and revenue, iu tlic above vil- 
lages, i. 421. 

Abstract of the whole number of 

tank embankments iu Mairwara, i. 421. 

Result t>ii the population, govern- 
ment revenue, kc., of Mairwara, i, 422. 

Total government revenue of 

Mairwjira frmn 1835-6 to 1846-7, and 
aggregate increase in those yeara, i. 
428. 

Total sums expended by govem- 

. ment on t:mk embankments iu those 
yeai’s, i. 423. V 

Similar, in reference to Ajmecr, i. 

42.9, 430. 

AbKolute volumes of water-mea- 
sures used in r’iedmont, ii, 26. 

Relative valm^ of the above mea- 
sures, ii. 26. 

Volumes of water-inea.sures of 

f.umbardy, ii. 57. 

- Of horaiy dipstribution — example, 

ii. 67. 

Comparative slatomont of expenses 

and retui’iiH from iri'igated and unirri- 
gated land in Eiedmont, ii. bO-82. 

Expenses and returns oji 20 acres 

mamlr, ii. 9.9. 

Pi oduce })cr aero of rotation rice 

lauil, in Lombardy, ii. .101. 

• Numerical details eonmjcted with 

irrigution in Northern Italy, ii. 107. 

Tarill' of prices of water in the 

province of Mantua, ii. 216. 

Tudini on moad«>\v irrigation, ii. 85. 

Tmiuro River, i. .91, 151- canal from, 
J.52. 

Tank embankments, .'inciont, near Delhi, 
i. 809— in Mairwara, 407-413— forma- 
tion, 4 1 4-419 — tabulsir statciueiils, 420, 
421 — in Ajinccr, 429. 

Tanks, charge for tilling, ii. 341, 346. 

Tarantolas work on the Censimento, i. 
50. 

TartarcJlo River, ii. 201. 

Tartaro River, i. 1 84, 294 — abuses on, ii. 
199— management of, 201. 

Tavema, Cavo, i. 67, 278. 

Count Ii., i. 67, 278. 

Tempemtiu’e of irrigating water, i. 33, 
46 ; ii. 78, 88, 89, 90. 

of Piedmont, I 92— of Lombardy 

188. 

Tenant formers of Lombai'dy, i. 47. 

rights in Lombardy, i. 61-2. 
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Terdoppio River, L 89, 91— canal from, 
143. 

TermcO' walls in fields, i. 408, 409. 
TtrsmlOf (third hay ci*op,) iL 78. 
Theodoric I., i. 87. 

Tic'inello, the, i. 203. 

Ticino River, i. 37, 59, (18, 89, 1>1, 100, 
158, 103— dcrtcriptk)!!, 109, 280, 8cc. 
—canals of, 34, 145, 170, 199, 203- 
242. 

Tidone River, i. 91. 

Time, distribution regulated by, ii. 281, 
280. 

TificUiy i. 45. 

Tionc River, i. 184, 294. 

Toccia River, i. 1C2. 

Toiisc River, i. 351. 

Torbido caual, ii. 1 1 . 

Torricellian Theorem, ii. 37. 

Toscolauo River, i. 1 67. 

I’raiisit duties. Scio Naviyation* 

Trees, cllect of, on rice crops, ii. 102 — 
regulations regarding, 184, 192, 203, 
208, 309. 

Tregnone River, i. 184. 

Tresa River, i. 163. 

Trez/o, i, 64. 

Troviglio, i. 63. 

Trimba cofierta, ii. 50— woyvrhi, .*51. 
Tucoaree, ii. 340. Soo Advmca, 
Tumicls,!. 108, 112. 

Turin, i. 8- -climate, 9, 68— canals of, 
103, 

Tuscim marshes, i. 71 et »eq. 


u 

Ugoni, Signor F., i. 63 ; ii. 32. 

Unit of water-mesvsure, riedmontese, ii. 
7 — for India, importuuee of, 8, 3.'>2 — 
discu.ssed, 60. Sec Modulo and Mea- 
sure, 

Use, distribution of water according to, 
ii. 200, 286. 

Utility, compulsory cession of property 
for works of, ii. 274 — canals of a cei'- 
tain class declared to bo such, 277. 


V 

Val Tellina, i. lG4-d'OsBola, 163~-Ca- 
monica, 1 65— Cavallina, 166— Sabbia, 
166, 181 — Trumpia, 180. 

Valley of Lodro, i. 167— of Vesta, ib, 

Valperga, Counts, i. 106. 

Value of water, i. 45, 256, (see Price ) — 
of water utilised in Piedmont, 1 58— 
in Lombardy, 297— in the Po vaRey, 
299-^of irrigated land in Piedmont, 


1 10— of irrigated land in tbc Milanese, 
iL 83— of produce create^ by irriga- 
tion, i. 3!9, 320, 340, 381, 430, 431. 
Varese, the, i. 67, 172- - lakes of, 162. 
Variations from uonriul modulo, ii. 53. 
Vatican geographical painting in the, i. 
75. 

Voccluibia. Sec Veit 
Velocity of i^iedmouteso canals, great, 
ii. 2.3. 

Venevia Reale, canals of the, (Turin,) i. 
103, 104. 

VcMictiau irrigation stat\ilcs, ii. 121-123. 
Vercclli, province of, i. 15, 28, 33, Ac. 
Verification of pressure in outlcte, ii. 50. 
Verona, i. 60 — water-measures of, ii, 35. 
Verri, (historian,) i. 206 ; ii. U7. 
Vettabia at Milan, i. 37,173, 107, 199, 
275; ii. 88, 236. 

Victor Amadeo 11., ii. 125, 323. 

ni., i. no, 128. 

Vii^gil, quoted, i. 86. 

Visconti, dukes of Milan, i. 205-6-7, 
233, 246, 258, 260, 261 ; ii, 120. 


w 

War, use of canal supply in, i. 204. 

Warping, process of, i. 76. See UoUior 
Uujv.. 

Waste Uindii, reclamation of, (see Ma- 
rmmiaf) in Mairwara, i. 408, 421,432. 

Waste of water, ii. 183, l«i9, 209, 339. 

Water, total utilised in Piedmont, i. 158 
—in Lombardy, 297- -in tlic Po val- 
ley, 29.9 -cojisunq>tion of, by diiFerent 
crops, ii. 61— cxporiinciits on the sub- 
ject in Italy few', 62 - and dt?sii’nble 
for India, 61, 62 — quantity required 
for summer incadowH, 83, 84, 86— for 
viareite, 96 — for rice cultivation, 
106. 

ElTcct of deficient, on tbo habits 

of the people, (Iinlia,) i. 405-7. 

Supply of Milan, i. 198. 

Water-courses, mcosurouiont for village, 
(India,) ii. 64. 

Wator-mca-suros, various, of Piedmont, 
ii. 25— of Lombardy, 57— fi^r India, 
58, 62. See Modulo^ Mmeure^ Unit, 
Ac. 

W.atcrrent paid in kind, 30,31,125 — 
forma of payment, ii. 1 42, 164, 214 — 
redemption of, 165, 214 - remission of, 
293 -farmed out, i. 30, 31, 120, 206— 
on Indian canals, i. 318, 340; ii. 334, 
338, 343, 34 4 - contracts for, 338 — 
defaulters in, 340— retniasion of, 350. 
S*iO Price, t%te, &c. 



m 




; Weirs, rcgnlating, i. 63, 6.5— of the Na- 
. VigUo Grando, 22l-~ Muzj5a Canal, 252 
■ ; --riii JWairwara, 43 9, 422. 
vWella, irrigation from, compared with 
.= caitid irrigation, i. 382— in Mnirwam, 
410,422, 

Wliitiiig, Lioutenaut F., ii. 337. 


Winter imgation in Italy, 3m 
ii. 140,142, Secjftfrcde.. 

Ximenes, IVire ti., i. 74, 75, 

Yule, Lieutenant H., I 306, 307, 337. ; 

Zabita. Khan» i. 312. 

Zilladai-s, i. 327. 
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